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Measurement of Cardiac Efficiency 
Robert A. Bruce, M.D., Seattle, Wash. 


Efficiency of energy transformation is measured by the amount of work 
produced for the amount of energy liberated; the remainder is dissipated as heat. 
When this analysis is applied to the heart, efficiency is the ratio of the product of 
stroke work and heart rate to the metabolic rate of the heart muscle. 

For each heart beat, external stroke work is the sum of work performed by 
the left and right ventricles in ejecting a volume of blood against the end-diastolic 
pressure of the aorta and pulmonary artery, and the kinetic energy represented 
by the mean velocity of the bolus of blood passing the aortic and pulmonic valves. 
Whereas stroke work should be the integration of internal pressure and volume 
curves! for each of the ventricles, it is conventionally derived from the product 
of average stroke volume, mean pressure in the proximal arterial tree, specific 
gravities of blood and of mercury. 

Since pulmonary arterial pressure is normally about one sixth that of sys- 
temic arterial pressure, the largest part of total cardiac work is performed by 
the left ventricle. Velocity of blood flow varies directly with stroke volume, and 
inversely with duration of systolic ejection and cross-sectional area. It is high 
enough in both the pulmonary artery and aorta in normal resting human sub- 
jects to produce turbulent flow. About 1 per cent of the total energy is delivered 
as kinetic energy.? If the velocity is further accelerated by high cardiac output, 
or by valvular stenosis, the proportion of total energy delivered as kinetic energy 
may be increased appreciably. 

The stroke work per unit of pressure of a dilated ventricle is increased i inso- 
far as greater force is necessary to contract against the augmented tension in the 
wall (where according to Laplace’s law tension is the product of pressure and 
radius), but this work per unit of volume is diminished because a smaller con- 
traction is needed to eject the same volume of blood.* Furthermore, the volume 
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ejected from a dilated ventricle is often diminished. In other pathologic situa- 
tions in which there is valvular regurgitation or intracardiac shunting, the work 
per stroke of ejecting blood into another chamber should be accounted for in 
considering total work, even though these increments do not necessarily contribute 


to ‘‘useful’’ work. 

The rate of energy liberated by the myocardium is the product of its oxvgen 
consumption and the work equivalent of oxygen for the ambient respiratory 
quotient. If the latter is not measured, a value of about 2 kilogram-meters per 
milliliter of oxygen may be assumed. If all the venous blood from the myocar- 
dium drained into the coronary sinus, it would be possible to derive the oxygen 
consumption of the entire heart from the product of coronary sinus blood flow 
per minute and the mean arteriovenous oxygen difference. Since the cardinal 
and thebesian veins drain much of the right heart separately, coronary sinus 
blood represents venous blood predominantly from the left heart, and not the 
mixed blood from all venous tributaries. However, the boundaries of these 
tributaries are not sharply defined. Nevertheless, myocardial oxygen consump- 
tion of the “left ventricle’ has usually been estimated from sampling venous 
blood from the coronary sinus, except in more elaborate experimental prepara- 
tions cited below. 

Cardiac efficiency has been calculated variously by different investigators 
from either the total oxygen consumption or the ‘net’? amount consumed for 
production of useful work. In the latter instance, the “‘basal’’ oxygen consump- 
tion for the nonworking (and usually nonbeating) heart under experimental 
conditions is subtracted from the total value during useful work. Although this 
formulation reduces the denominator, and efficiency is thereby higher, there is 
no valid justification for this manipulation of the data. 


In 1915, Evans and Matsuoka‘ reported that the efficiency of the canine heart 
lung preparation approximated 5 per cent at rest. Whereas it increased to nearly 
20 per cent with optimal loads of arterial pressure and cardiac output, further 
increments in pressure or dilation of the heart reduced efficiency. Myocardial 
oxygen consumption increased more with increased pressure than it did with 
increased cardiac output. Heart rate in this preparation was more rapid than 
in situ, and this reduced efficiency. Since the observed efficiency was low, 
the heart in this preparation was liberating energy in excess of its immediate 
requirements, yet was able to respond to greater work loads without marked 
increases in metabolism. ‘If it were unable to do this, failure would be inevit- 
able.’"* Heart failure due to a decrease in metabolism and a slowing of the rate 
was also observed. 

By utilizing the nitrous-oxide technique to measure coronary blood flow, 
and the cardiac catheter to withdraw venous blood from the coronary sinus, 
Bing and associates’ reported measurements of cardiac efficiency in human sub- 
jects in 1949. The average efficiency was 23 per cent in 3 out of 4 normal sub- 
jects. It ranged from 13 to 17 per cent in 6 patients with congestive heart 
failure, due to considerable reduction in useful work and slight increases in oxygen 
consumption. Although total oxygen consumption was increased by hyper- 
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trophy, efficiency was not evaluated. By applying the same techniques in the 
intact, unanesthetized dog, Spencer and colleagues,® in 1950, found that the myo- 
cardium of the left ventricle received 2.4 per cent of the cardiac output, consumed 
5.7 per cent of the total oxygen consumption, and had efficiencies ranging from 
20 to 38 per cent. In subsequent clinical studies, except in the presence of myo- 
cardial failure, efficiency increased 25 per cent in cardiac patients during exercise 
sufficient to raise cardiac output about 4 liters, arterial pressure about 30 mm. Hg, 
and myocardial oxygen consumption 48 per cent.’ All of these im vivo observa- 
tions were based upon several assumptions. Data for work produced and energy 
consumed were considered related to the same portion of the heart (left ventricle). 
Right ventricular work, which could be substantial in the presence of pulmonary 
hypertension, was not considered. A constant respiratory quotient was assumed 
to derive work equivalents. Finally, the weight of the left ventricle was estimated 
from normal values and thereby precluded any correction for hypertrophy.° 

With the advent of extracorporeal circulation for open heart surgery, fur- 
ther studies indicated that myocardial oxygen consumption during ventricular 
fibrillation remained the same,* diminished,’!® or increased.":'? When there 
was adequate coronary perfusion, there was no significant change in vigorous 
fibrillatory movements, myocardial concentrations of glycogen or adenosine- 
triphosphate, or consumption of oxygen.'' Subsequent observations of myocar- 
dial oxygen consumption in the experimental absence of cardiac work (by rapid 
exsanguination with suction, by vagally induced cardiac arrest, or by potassium 
arrest) indicated values ranging from 16 to 40 per cent of prior levels obtained 
during work.'® Consequently, it was suggested that efficiency be defined as the 
ratio of work produced to the ‘‘net’’ energy liberated for work. The basal oxygen 
consumption of the nonworking heart should be disregarded, ‘‘since as in any 
other muscle, its efficiency is estimated by dividing its external work by the 
difference between its oxygen consumption during the beating state, and during 
relaxation.’’* Earlier investigators considered a similar proposal by Rohde and 
Ogawa, in 1912, to discount the energy cost of the nonworking muscle as neither 
nor “helpful.” 

Utilizing an ingenious experimental design, Alella and colleagues,” in 1955, 
reported on experimental observations in open chest dogs in which both systemic 
arterial circulation and regulatory mechanisms were intact. Coronary artery 
flow increased with aortic pressure, but only in response to the increased meta- 
bolic activity of the myocardium. Further studies at three rates of cardiac 
output and three levels of arterial pressure clearly demonstrated that myocardial 
oxygen consumption increased more with pressure work than with volume work.!® 
Cardiac efficiency was low under all of these experimental conditions and showed 
no consistent relationship to the work performed. Actually, myocardial oxygen 
consumption was more closely related to oxygen availability (arterial oxygen 
content times blood flow) than it was to the amount of external work performed. 
Acceleration of heart rate also increased myocardial oxygen consumption. Ac- 
cordingly, the biologic significance of ‘‘efficiency’’ was questioned as a suitable 
measure of cardiac performance, for ‘“‘low values of ‘efficiency’ do not necessarily 
indicate an insufficient heart nor one beating ineffectively.”’ 
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Recently, Sarnoff and colleagues'’? demonstrated with a nonfailing, meta- 
bolically supported, isolated heart preparation that the average maximum aortic 
pressure, cardiac output, and ventricular work observed under these conditions 
were two- to fourfold greater than reported in previously available preparations. 
In other words, previous techniques of isolating the heart yielded observations 
where some degree of failure had developed, presumably because of the lack of 
metabolic support. In contrast, the isolated supported heart (ISH) did not 
exhibit depressed ventricular function curves, nor the descending limb of Starling’s 
curve. Such a preparation was stable for hours, easily monitored continuously, 
and rate, output, and pressure were readily controlled independently. Under 
these circumStances, a myocardial oxygen debt could not be detected. Myo- 
cardial oxygen consumption increased with increased left ventricular work re- 
sulting from elevations in aortic pressure, but showed only slight increases when 
cardiac output was augmented with the same mean aortic pressure. At any 
given work load, accelerating heart rate increased myocardial oxygen consump- 
tion and thereby lowered efficiency. When flow was raised, but pressure lowered 
and heart rate held constant, efficiency was raised from approximately 5 to 20 
per cent. External work increased 128 per cent, yet myocardial oxygen consump- 
tion declined 20 per cent. Accordingly, it became clear that myocardial oxygen 
consumption bore little relation to the external work of the heart, but rather was 
quite closely related to the duration and magnitude of tension developed during 
systole. The latter was measured in terms of a Tension-Time Index (TTI), 
or product of mean systolic ventricular pressure and the duration of systole, 
expressed in mm. Hg seconds per heart beat.'* These investigators considered 
the conventional usage of efficiency of the heart with respect to ratio of external 
work developed to myocardial oxygen consumption meaningful only in terms of 
the relationship of the heart to the total organism. It was not informative about 
the energetics of the contracting myocardium. Hence, they proposed the con- 
cept of “internal efficiency” to describe the relationship between total tension 
developed during systole and the oxygen requirement for myocardial contraction. 
Since the TTI was only an index of total tension in myocardial fibers, without 
regard to the radius of the chamber, the actual fiber tension developed would 
be greater in a dilated heart than in a normal heart. 

Experimentally, absolute measurements of efficiency of the heart are diffi- 
cult and somewhat arbitrary as to circumstances and methods. Meanwhile, 
data are accumulating about direction and magnitude of changes in “stroke 
work,”’ defined as the product of left ventricular pressure and dimensions (rather 
than volume) of the heart by Rushmer’s techniques.'® Preliminary observations 
of left ventricular work in man based upon biplane cineangiofluorographic tech- 
nique and aortic pressure have been reported.2® Whereas the stroke volume and 
work in a normal subject were 84 c.c. and 10,521 Gm. cm. (0.5 per cent kinetic 
and 99.5 per cent potential), the values in a patient with a markedly dilated left 
ventricle were 89 c.c. and 29,454 Gm. cm. (1.3 per cent kinetic and 98.7 per cent 
potential, respectively). Although such measurements of work are now becom- 
ing feasible, measurements of efficiency are still handicapped by the problems 
in measuring myocardial oxygen consumption with comparable precision. 
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Paroxysmal Ventricular Tachycardia: A Clinical and Electrocardiographic 
Study 


George R. Herrmann, M.D., Hi Myung Park, M.D., and Milton R. Hejtmanctk, 
M.D., Galveston, Tex. 


Paroxysmal ventricular tachycardia is, fortunately, a rather uncommon 
disorder of the cardiac mechanism, but it may produce such serious compli- 
cations that, in general, it must be promptly recognized and halted in order to 
forestall dissolution. Paroxysmal ventricular tachycardia (PVT) occasionally 
occurs in healthy individuals who show no reliable signs of heart disease, and 
who apparently have other wise normal hearts by our clinical standards.  Par- 
oxysms may be precipitated by cardiac catheterization and may also be very 
serious developments during cardiac surgery. The majority of paroxysms of 
ventricular tachycardia, however, too often develop in patients with significant 
heart disease and extensive myocardial damage, and add greatly to the serious- 
ness of the situation. The paroxysm may precipitate or aggravate myocardial 
failure and impose an additional load upon the already overloaded heart. In 
some instances, PVT seems to be a prefibrillary state that progresses to ventricu- 
lar fibrillation, which is practically incompatible with life.'~* 

Symptoms.—The symptoms may be very disturbing, rapid palpitation, 
augmented precordial activity, severe dyspnea and acute pain of relative coronary 
insufficiency or of actual coronary thrombosis, extreme weakness or prostration, 
or general circulatory collapse or blackout with, at times, cerebral episodes. 
Any of these manifestations may present an emergency situation requiring 
immediate diagnosis and prompt treatment. 

Signs.—The signs are those of rapid heart action which may be barely 
recognizable as irregular, and which does not respond at all to carotid sinus 
pressure or vagus nerve stimulation; with occasionally a transient rise, but 
usually a fall, in blood pressure and one or more of the reliable signs of heart 
disease. Syncope, collapse, or acute left heart failure with pulmonary edema 
may be presenting manifestations. 


From The Cardiovascular Service and Heart Station of the University of Texas Medical Branch 


Hospital, Galveston, Tex. 
Supported in part by grants in aid from the H. H. Weinert Fund for Cardiovascular Research 
Presented at the 3lst Annual Meeting of the American Heart Association, Oct. 20, 1958, in San 
Francisco, Calif. 
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Our experiences with the patients presenting PVT during the decade 1937 
io 1947 were reported in 1943.5 The added experiences of the past decade seem 
to us to warrant another summarization, inasmuch as new antiarrhythmic 
agents—procaine amide, chloroquine, and tranquilizers such as Atarax—have 
been introduced and occasionally found effective. The routine electrocardio- 
graphic studies in this series have been much more extensive and have included 
in the 12 leads the so-called unipolar extremity and precordial leads in all cases. 
We believe that electrocardiographic monitoring must always be carried out 
during the intravenous injection of these active therapeutic agents. The effects 
of the traditional quinidine, intravenously, intramuscularly, or orally, and the 
newer agents such as procaine amide, are recorded. It was hoped, and realized, 
that the old facts would be substantiated and that important new points of 
interest would be uncovered and emphasized and the most effective therapeutic 
procedures would be established. 


THE DIAGNOSTIC CRITERIA 


In any study of medical conditions, especially studies in which methods of 
precision are used, it is desirable and necessary to delineate the criteria for diag- 
nosis. Fortunately, the electrocardiographic criteria for PVT as first set down 
by Herrmann and Robinson! have stood the test of time, have been accepted 
generally, and have been restated clearly in the more recent reports on the sub- 
ject from this and other laboratories. The criteria were reaffirmed by us previ- 
ously and are restated herewith. As our experience has increased, we have 
encountered more instances in which there was great difficulty in establishing 
the correct electrocardiographic diagnosis which is so necessary for successful 
treatment. There have been additions to our knowledge of the subject and for 
the differentiation of supraventricular tachycardia with bundle branch block 
and the pseudoventricular tachycardias of A-V accelerated conduction which 
we have recently emphasized.*® 

The clinical picture, attacks of rapid palpitation with extreme weakness, 
dyspnea, or pain developing especially in middle-aged patients or in patients 
with known heart disease, should alert the physician. Tachycardia in severe 
heart disease of rheumatic, hyperthyroid, hypertensive, or coronary atheromatous 
origin should immediately suggest the possibility of the inception of the generally 
more serious and complicating cardiac mechanism disorder, paroxysmal atrial, 
nodal, or ventricular tachycardia. Our study of the supraventricular type was 
published recently.** 

On physical examination, ventricular tachycardia, in minute-to-minute 
counts of the pulse, is suggested by (1) slight irregularity, with rates differing 
by 5 to 7 beats from minute to minute, (2) occasional giant waves in the jugular 
pulses, (3) changing intensity and quality of the first heart sound in the pres- 
ence of tumultuous precordial sounds of low frequency,’ staccato in type, (4) 
iailure of the heart rate to slow on carotid sinus or oculocardiac, indirect vagal, 
stimulation. These are strongly suggestive of the diagnosis. However, not 
one of these clinical signs alone, nor all of them together, may be considered 
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pathognomonic of PVT. Irregularity of the ventricular rhythm may be pro- 
duced by disturbances in the A-V conduction of impulses formed regularly by a 
supraventricular ectopic pacemaker. 

The diagnosis of PVT can be made with certainty only after careful analysis 
of the electrocardiogram. The criteria which we previously established! and 
reaffrmed® consists of three important features or findings: (1) the presence of 
runs of abnormal ventricular complexes varying slightly in contour due to oc- 
casionally superimposed P waves; (2) the establishment of atrial complexes, 
P waves, occurring independently and usually at a slower rate, rarely retro- 
gradely"; (3) the finding of isolated ventricular complexes before and after a 
paroxysm that have the same form as the ventricular complexes recorded during 
the paroxysm. The isolated premature ventricular contractions must bear the 
same relationship to the normal ventricular complexes as do the onset and offset 
complexes of the tachycardia.'-® 


THE CLINICAL MATERIAL OF THIS STUDY 


A series of 84 episodes of PVT in 60 patients has been analyzed, with the diagnosis in each 
being based on the aforementioned ECG criteria. This study covers all cases of established PVT 
observed in the University of Texas Hospitals between October, 1947 and October, 1957. 

As in our previous study,' we arbitrarily divided PVT into two groups, the intermittent type 
and the persistent type.'® Included in the intermittent type are those patients in whom runs of 
four or more ectopic ventricular contractions of less than 30 seconds’ duration have been recorded 
electrocardiographically, and in the persistent type are those patients in whom a continuous run 
of longer duration has been recorded. Some of the patients with the persistent type and many of 
the patients with the intermittent type have had one or more episodes of the intermittent type, 
but these instances were not counted as separate episodes unless they were recorded on different 
days. In this study, 38 persistent episodes and 46 intermittent episodes of PVT fulfilling our 
criteria were observed. 

The distribution of PVT cases by age, in decades, is shown in Fig. 1, A and is in general agree- 
ment with the data of comparable series,"*’ as well as with our earlier experiences. The youngest 
patient was 9 months old, and the oldest was 97 years old. About 80 per cent of the patients were 
between the fifth and seventh decades. There were 34 males and 25 females. Thirty-four pa- 
tients were white and 25 were Negroes. Twenty-eight patients had exhibited the persistent 
type of PVT and 31, the intermittent type. There were no significant differences between the 
persistent type and intermittent type in regard to age, sex, and race. 


ETIOLOGICAL DATA 


The underlying types of heart disease in our patients with PVT are listed 
in Table I. Atherosclerotic coronary ischemic heart disease with or without 
hypertensive cardiovascular disease and rheumatic heart disease were present 
in 71 and 12 per cent of the cases, respectively. Many of the patients had asso- 
ciated acute myocardial infarction, and this was particularly true in those with 
the persistent type of PVT. Details of arteriosclerotic heart disease cases are 
given in Table II. There were no significant differences in the type of heart 
disease in those patients with the persistent type and in those with intermittent 
type of ventricular tachycardia. 

PVT in Patients With No Heart Disease —It has been amply shown by in- 
dividual case reports as well as in the studies of large series®:* that PVT may 
occur in the normal heart. Six patients, or 10 per cent, in our series had no ap- 
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parent reliable sign of organic heart disease; the precipitating factors in these 
cases are given in Table III. One patient, a 15-year-old boy, had two episodes 
of PVT of the persistent type during a 2-month period, and one of the episodes 
lasted about 3 days. Attacks in this case were considered to be precipitated by 
emotional strain. Another case, a 21-year-old man, had had multiple episodes 
of tachycardia since 1946, and six of those episodes were proved by ECG to be 
PVT. Episodes in this case were definitely associated with anxiety and emo- 
tional excitement. Similar recurrent types of PVT of years’ duration in persons 
with young normal hearts have been reported by Froment and associates.’ 
Hypokalemia due to severe diarrhea, a beer binge, a chromophobectomy, and 
lower nephron nephrosis were isolated causes of PVT. One of us observed PVT 
in two young women who had perfectly normal hearts; both women have long 


outlived their husbands.” 
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Fig. 1.—See text. 


PVT Due to Digitalis Intoxication.—Digitalis as a precipitating factor of 
PVT is well known.” The role that digitalis played in our series is shown in 
Table IV, which reveals that 10 per cent of the patients had definite evidence 
of digitalis intoxication at the time of the PVT; in another 17 per cent of the 
cases digitalis overdosage could not be definitely ruled out. Digitalis in moderate 
dosage was prescribed in another 27 per cent of the cases, while 46 per cent of 
the patients had received no digitalis. One patient, a 9-month-old infant with 
congenital heart disease, had two attacks of persistent PVT, both of them asso- 
ciated with digitalis intoxication. Digitoxins were the preparations most com- 
monly incriminated. 

Clinical Features—The symptoms and signs in patients with PVT may 
be arranged in three categories: (1) those of the underlying heart disease, such 
is myocardial infarction or congestive heart failure; (2) those due to precipitating 
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factors, such as digitalis overdosage; and (3) those due to the tachycardia itself. 
However, it is difficult at times to ascertain to what degree the tachycardia itself 
is responsible for the symptoms and signs, because of the similarity of clinical 
manifestations in each of the three categories (Table XIII). 


ETIOLOGY OF VENTRICULAR TACHYCARDIA 


TABLE I. 


PERSISTENT INTERMITTENT 

TYPE OF HEART DISEASE TYPE TYPE TOTAL $ 
Arteriosclerotic heart disease 20 22 42 (71%) 
Rheumatic heart disease 4 3 7 (12%) 
Heart disease due to thyrotoxicosis 0 2 2( 3%) 
Congenital heart disease 2 0 2( 3%) 
No organic heart disease 2 4 6 (10%) 

Total 


DETAILS OF ARTERIOSCLEROTIC HEART DISEASE 


TABLE II. 


| INTERMITTENT | 
TYPE TOTAL 


PERSISTENT 


TYPE | 


With acute myocardial infarction 9 
Without acute myocardial infarction or hypertension} 6 11 17 
With hypertension 5 


Total 


TABLE III. DetTatts oF PATIENTS WITH PV” 


SEX | AGE PRECIPITATING FACTORS | TYPE OF PVT 
M 15 Emotional excitement | Persistent 
M /} 21 Emotional excitement | Intermittent 
F | 56 | Severe diarrhea of unknown origin | Intermittent 
M | 49 | Surgical removal of chromophobe adenoma of pituitary gland under 
general anesthesia with ether and Pentothal Persistent ; 
M 23 | Consumption of 15 cans of beer Intermittent ¥ 


M/; 39 Hypokalemia in a patient with nephrosis Intermittent 


DIGITALIS STATUS OF PATIENTS AND TYPE OF PVT 


TABLE IV. 


PERSISTENT INTERMITTENT 


Toxicity 2 6 (10% 

Probable toxicity 4 6 10 (17%) 
Moderate dose 8 8 16 (27%) 
No digitalis 12 15 27 (46%) 
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Many of the patients with the intermittent type, and, in rare instances, 
a patient with the persistent type, may be unaware of tachycardia. Congestive 
heart failure, mild to severe, was present in 63 per cent of the patients with the 
persistent type and in 57 per cent of the patients with the intermittent type. 
Dyspnea and weakness, caused primarily by underlying disease but aggravated 
by tachycardia, were the most common symptoms regardless of the type of PVT. 
Cardiac chest pain and strong palpitation were also rather common complaints. 


TABLE V. DURATION OF PVT IN PERSISTENT (38 EpIsopDEs) 


DURATION NUMBER OF EPISODES 


Less than 1 hour 

1 to 12 hours 

12 to 24 hours 

24 to 36 hours 

3 days 

7 days and 6 hours 


TABLE VI. RHYTHM BEFORE PVT 


RHYTHM INTERMITTENT TYPE | TOTAL 


(1 with LBBB) | 13 (1 with LBBB, 2 with RBBB) 
( ( 


Sinus rhythm 
1 with LBBB) 1 with LBBB) 


3 
Atrial fibrillation 
Paroxysmal atrial tachycardia | 1 
Supraventricular tachycardia 1 


TABLE VII. RaytHM AFTER PVT 


RHYTHM PERSISTENT TYPE INTERMITTENT TYPE TOTAL 


Sinus rhythm 14 
Atrial fibrillation 5 
Atrial flutter 0 


Very few cases had cerebral manifestations such as dizziness or syncope (Table 
XIII). In about 30 per cent of the cases with the persistent type of PVT the 
blood pressure had to be maintained with a sympathomimetic vasopressor, 
most often Levophed. The rate of the tachycardia in the persistent type varied 
from 104 to 231 per minute (Fig. 1,8). In about 70 per cent of the episodes it 
ranged between 130 and 200 per minute. The duration of the QRS intervals 
are shown in Fig. 1. The length of the attacks of PVT varied from a few seconds 
to days, the longest being 7 days and 6 hours. The duration of the episodes of 
he persistent type of PVT in 38 instances is given in Table V. Three cases of 
bidirectional paroxysmal ventricular tachycardia will be reported separately. 
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In 40 out of 57 patients, previous and subsequent electrocardiograms taken 
within a year and usually within a few months prior to the paroxysm were avail- 
able. In 42 patients, electrocardiograms taken within a few months, and most 
often within a few days or hours, after the cessation of tachycardia were avail- 
able. The rhythm before and after PVT is given in Tables VI and VII. These 
show that in about 40 per cent of the cases, atrial fibrillation was present either 
before, with, or after the development of PVT. 


The effects of therapeutic agents in our patients are shown in Table VIII. 
Procaine amide was most often used (0.25 to 1.0 Gm., intravenously) and was 
successful in 10 of 12 cases, while quinidine alone (0.4 Gm.p.o. hourly for 6 to 8 
doses) was successful in all of the 5 cases in which it was used. Morphine alone 
(0.015 to 0.045 mg., intravenously) stopped 2 of the 3 episodes, and combinations 
were similar and quite successful. This is in keeping with our previous experi- 


ence. 18-20 


TABLE VIII. Errects oF THERAPEUTIC AGENTS 


TYPE OF TREATMENT NUMBER OF TRIALS 


Quinidine alone 
Quinidine plus Morphine 
Quinidine plus Pronestyl 
Pronestyl alone 
Morphine 


Total 


TABLE IX. PROGNOSIS 


PERSISTENT TYPE INTERMITTENT TYPE 


TOTAL NUMBER OF | TOTAL NUMBER OF 
CASES DEATHS | CASES DEATHS 


| 


ASHD with myocardial infarction 
ASHD without myocardial infarction 
Rheumatic heart disease 

Heart disease due to thyrotoxicosis 
Congenital heart disease 

No organic heart disease 


Total | | 18 (64%) 31 | 13 (42%) 


Prognosis.—In our first and second series we emphasized the seriousness 
of the prognosis in most of our hospitalized patients with PVT. In Strauss’ 
review," 40 out of 50 patients having PVT with organic heart disease were dead 
within 3 hours to 6 months after the onset of the tachycardia, with an average 
survival period of 24 days. Cooke and White” reported that in a group of 21 
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patients with PVT in coronary heart disease 17 died within a few hours to 18 
months. In the series of Williams and Ellis,!® 20 out of 36 patients died within 
a month. However, it is well known that the prognosis in those with no heart 
disease is excellent—our two special cases cited are living after 20 and 40 years— 
although even in this group sudden death may occur.!” 

The relationship between the type of underlying heart disease, the type of 
PVT, and the number of deaths, 64 per cent of those with persistent and 42 per 
cent of those with intermittent PVT, is shown in Table IX. The breakdown with 
respect to prognosis from follow-up data is listed in Table X. One of 2 patients 
with persistent PVT and one of the 4 patients with intermittent PVT and no ap- 
parent heart disease died; one patient could not be followed up. As shown in 
Table XI, of 10 patients with nonfatal persistent PVT, 5 were alive after 19 
months to 9 years from the onset of PVT; 3 were alive after 1 to 4 years; 1 pa- 
tient could not be followed up after 3 months; and 1 patient was not followed 
after discharge. Of 18 patients with nonfatal intermittent PVT, 3 were alive 
after 27 months to 11 years from the onset of PVT; 5 were alive after 2 months 
to 7 years from the onset of PVT; and 10 were not followed after discharge. The 
remaining 2 patients with no apparent heart disease had died. In the case in 
which PVT followed craniotomy, and in the other case in which PVT developed 
after 3 weeks of severe diarrhea of unknown origin, death occurred shortly after 
the onset of PVT. The cause of death in these cases was considered to be non- 
cardiac, but both patients may have died from hypopotassemia. 


TABLE X. FoLLtow-Up 


Persistent Type (Total 28 Cases) Intermittent Type (Total 31 Cases) 
Fatal cases (Total 18 Cases) Fatal cases (Total 13 Cases) 
Within 1 week 13 Within 1 week 6 
Within 2 months 4 Within 1 month 5 
After 33 months 1 Within 10 months 2 


Congenital heart disease, type undetermined, associated with digitalis intoxication 


TABLE XI 


Persistent PVT, Nonfatal Cases (Total 10 Cases) 

5 alive after 19 months to 9 years from onset of PVT 

3 alive after 1 to 4 years 

1 patient followed for 3 months until lost, and 1 patient not followed after discharge 

Intermittent PVT, Nonfatal Cases (Total 18 Cases) 

3 alive after 27 months to 11 years from onset of PVT 

5 alive after 2 months to 7 years from onset of PVT 

10 not followed after discharge 


Table X shows that out of the 31 patients with PVT of the intermittent type, 
13 or 42 per cent died within 10 months after the onset of PVT, while of 28 
patients with the persistent type, 17 or 61 per cent died within 2 months and 
! lived for 33 months. It is also noted that PVT is a very serious complication 
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when it occurs in association with acute myocardial infarction. In 13 cases 
there were 10 deaths, a mortality rate of 77 per cent, in contrast to 15 deaths, 
or 50 per cent, in 29 cases with ASHD and PVT but without acute infarction. 
Prognosis in the intermittent type is somewhat better than in the persistent 
type, the mortality rates being 42 and 64 per cent, respectively. There was 
no close correlation between rate per minute of the PVT and the mortality rate. 
Five patients with persistent PVT died of PVT itself, although this was not 
proved by ECG at exitus. 


TABLE XII. DIGITALIS AND PROGNOsIS 


rOTAL CASES NUMBER OF DEATHS 


Toxicity 
Probable Toxicity 
Moderate Dose 

None 


ND 
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TABLE XIII. CLinicaL FEATURES IN PATIENTS WITHOUT MYOCARDIAL INFARCTION 


PERSISTENT 


INTERMITTENT 
TYPE 


Congestive heart failure 16 9 25 
Weakness + 6 10 
Chest pain 5 3 8 
Palpitation 3 3 6 
CNS (fainting, dizziness) 2 2 4 
Vomiting 3 2 5 
Shock 2 2 4 
Dyspnea associated with PVT - 4 4 


The prognosis of PVT may be influenced by many factors, including dura- 
tion, rate, etiology of tachycardia, response to therapy, precipitating factors, 
and type and seriousness of the underlying heart disease. Tachycardia of any 
origin may lead to myocardial failure by imposing an excessive load on the heart, 
lowering cardiac output, and decreasing coronary perfusion. From this point 
of view the duration and rate of the PVT and, therefore, the therapeutic re- 
sponse, cannot be ignored in the matter of prognosis. This is exemplified by 
better prognosis in the intermittent type than in the persistent type in this 
study, as well as in those of others.'"' On the other hand, the high mortality 
rate of PVT, especially in patients with acute myocardial infarction, is a source 
of worry despite the fair therapeutic response (80 per cent converted to normal 
sinoatrial rhythm) in our series, as well as in others’. The good prognosis in 
those patients with no organic heart disease is indicative of the importance of 
the role played by the nature of the underlying heart disease. 

It is also likely that patients with serious myocardial damage are prone to 
develop the long-lasting, persistent type of PVT. It is felt that the prognosis 


TYPE TOTAL | 
| 
j 


PAROXYSMAL VENTRICULAR TACHYCARDIA 
of PVT is greatly influenced by the duration of PVT but particularly by the 
seriousness of underlying heart disease. 

Table XII shows that of 16 cases with definite and probable digitalis intoxi- 
cation, 11 died. The clinical features present in 35 intermittent and 31 per- 
sistent episodes in patients without myocardial infarction are shown in Table 
XIII; weakness and chest pain were equally prominent in both intermittent and 
persistent types, but dyspnea was more common in the persistent type. 


SUMMARY OF STUDY OF PVT 


Records of 60 patients presenting 84 episodes of PVT fulfilling our criteria 
were analyzed. The final criteria accepted for the diagnosis of PVT in this 
study were as follows: (1) Tumultuous tachycardia with variations of 5 to 7 
beats in full minute-to-minute counts. (2) Changing intensity and quality of 
the first heart sound at the apex occurring as the atrial and ventricular contrac- 
tions were superimposed. (3) Occasional giant jugular venous pulse waves. 
(4) Failure of the tachycardia to slow on carotid sinus pressure or any indirect 
vagus stimulation. (5) Usually one or more of the reliable criteria of organic 
heart disease. (6) Symptoms such as (a) extreme weakness, prostration, (b) 
tumultuous palpitation, (c) severe dyspnea, cough and, at times, frothy, blood- 
tinged expectoration. (7) In elderly individuals, cardiac pain, anginal or per- 
sistent, blackout, collapse, syncope or cerebral episodes. (8) Runs of four or 
more sequential abnormal ventricular complexes with changing contours due to 
superimposed P waves. (9) The presence of independent atrial complexes, P 
waves with longer P-P intervals of a slower atrial rhythm, and in rare instances 
retrograde P waves. (10) Isolated ventricular complexes of the same form before 
and after the paroxysm, and bearing the same time relationship to normal ven- 
tricular complexes as do the onset and offset complexes of the paroxysm. 

The cases of PVT were divided into two types: intermittent, less than 30 
seconds in duration; and persistent, over 30 seconds in duration. The type of 
PVT was not related to age, sex, or race. 

Underlying arteriosclerotic heart disease was diagnosed in 71 per cent, and 
rheumatic heart disease in 12 per cent of the cases. There was no heart disease 
in 10 per cent of the cases presenting PVT. Remarks on the 6 patients with nor- 
mal hearts and PVT are tabulated and the role of anxiety, apprehension, emo- 
tional stress, and hypokalemia is emphasized. 

Digitalis intoxication was definite in 10 per cent and probable in 17 per 
cent; moderate dosage was used in 27 per cent, but 42 per cent had had no digi- 
talis. 

The rates of tachycardia were from 104 to 231 per minute, and the lengths 
of the ORS interval were not related to the duration of the attacks, which lasted 
irom a few seconds to seven and a half days. Of the 42 electrocardiograms taken 
before and after a paroxysm, about 40 per cent showed atrial fibrillation. 

The prognosis is very poor in patients with myocardial infarction even after 
‘he PVT has been promptly stopped by therapy. In any case, PVT adds to the 
seriousness of the outlook. 


4 
: 


176 HERRMANN, PARK, AND HEJTMANCIK 


REFERENCES 


Herrmann, G. R., and Robinson, G. C.: Heart 8:59, 1921. 

Marvin, H. M., and White, P. D.: Arch. Int. Med. 29:403, 1922. 

Levine, S. A.: Am. HEART J. 3:177, 1927. 

Wiggers, C. J.: Am. HEART J. 20:399, 1940. 

Herrmann, G. R., and Hejtmancik, M. R.: Ann. Int. Med. 28:989, 1948. 

Langendorf, R., Lev, M., and Pick, R.: Acta cardiol. 7:241, 1952. 

Dunn, J. J., Sarrell, W., and Franklin, R. B.: Am. Heart J. 47:462, 1954. 

Herrmann, G. R., Oates, J. R., Runge, T. M.,and Hejtmancik, M. R.: Am. HEART J. 53:254, 


1957. 
a. Hejtmancik, M. R., Herrmann, G. R., and Wright, J. C.: Am. HEART J. 56:671, 1958. 
Harvey, W. P., and Corrado, M. A.: New England J. Med. 257:325, 1957. 
Froment, R., Gallavardin, L., and Cahen, P.: Brit. Heart J. 15:172, 1953. 
Foster, R. F., and Thayer, R. H.: Am. HEART J. 40:224, 1950. 
Gilson, J. S., and Schemm, F. R.: Circulation 2:285, 1950. 
Wilson, F. N., Wishart, S. W., Macleod, A. G., and Barker, P.S.: Am. HEART J. 8:155, 1932. 
Strauss, M. B.: Am. J. M. Sc. 179:337, 1930. 
Cooke, W. R., and White, P. D.: Brit. Heart J. 5:33, 1943. 
Williams, C., and Ellis, L.: Arch. Int. Med. 71:137, 1943. 
Armbrust, C. A., and Levine, S. A.: Circulation 1:28, 1950. 
Sabathie, L. G.: Am. HEART J. 33:819, 1947. 
Stempien, S., and Katz, K. H.: Am. HEART J. 24:555, 1942. 
Kennamer, R., and Prinzmetal, M.: Med. Clin. North America, Sept. 1956, p. 1313. 


€ 
i 
¥ 


4 
4. 
5. 
6. 
7. 
8. 
8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 i 

19 

20 | 

] 
| 
ra 


Pulseless Disease (Takayashu'’s Syndrome) 


S. S. Misra, M.D. (Hons.), F.R.C.P. (London), Satya Prakash, M.D. (Medicine), 
and Prem Lata Agrawal, M.B., B.S., Lucknow, India 


INTRODUCTION 


In 1908, Takayashu! described a peculiar syndrome characterized by ab- 
sence of pulsations in the carotid and the radial arteries. This physical finding © 
is met with in aortic arch syndromes like syphilitic aneurysms, rarely in dis- 
secting aneurysms, and also in traumatic injuries of the chest. There still re- 
mains a group of patients in whom there is a primary panarteritis of unknown 
etiology, and this has been variously described as Takayashu’s disease or pulse- 
less disease. It is a rare syndrome affecting chiefly young female adults; hence, 
it has also been called ‘‘young female arteritis.” Caccamise and Whitman? 
found 58 cases of this disease reported from Japan. 

In spite of the great importance attached to the examination of the pulse 
in clinical medicine, only two cases of this disease have so far been reported from 
India, one case by Shikhare,’ and one by Sen-Gupta and Ghosh,‘ showing thereby 
the rarity of the condition. Shikhare* reported a case with bilateral absence of 
pulse in the upper limbs and in the carotid arteries, and the autopsy showed an 
aortic aneurysm containing an ante-mortem clot which sent fingerlike projections 
into the great arteries, causing obstruction. Sen-Gupta and Ghosh‘ reported 
a case in which the aorta showed innumerable calcific plaques and a grayish-white 
friable clot completely occluding the mouths of all three branches. 

We present three cases of this rare disease, two of which presented an as- 
sociated nephrotic syndrome due to amyloidosis, a combination not reported 
so far in the literature. 


CASE REPORTS 


Case 1.—C. L., an 18-year-old male Hindu, complained of enlargement of-cervical lymph 
nodes for the last 6 months, general anasarca, giddiness, and general weakness for 3 months before 
dmission. The lymph glands became suppurative and a few of these glands burst. The patient 
looked older than his age. Radial, brachial, and carotid pulses were absent on both sides. A 
prolonged thrill and a continuous machinery-like murmur, more marked during systole, was 
heard on the right side between the clavicle and the sternomastoid. The femoral pulse was faintly 
palpable, while the popliteal pulse was absent, and no blood pressure was recordable in any limb. 
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Urine showed albumin +++-+, a fair number of pus cells, stray granular and hyaline casts, ai 
culture showed growth of Staphylococcus albus. Serum cholesterol was 269 mg. per cent, while 
serum proteins were 2.9 Gm. per cent, with albumin 1.5 Gm. per cent. The fundus showed blu: 
red margins of the disc, tortuous and dilated veins, and normal arteries. The Wassermann r: 
action and V.D.R.L. tests were negative. The tuberculin test was negative, and lymph-glan 
biopsy showed suppurative lymphadenitis (Fig. 1). Radial artery biopsy showed a normal pi: 
ture. The patient died, and a partial autopsy was done. On histology, the aorta showed thickened 
and hyalinized intima (Fig. 2). The media showed infiltration with chronic inflammatory cells, 
chiefly lymphocytes around the vasa vasora (Fig. 3). The adventitia also showed cellular i- 
filtration at places. The heart showed amyloid deposits, focal granulomatous myocarditis, and 
coronary sclerosis. The kidneys showed amyloidosis (Fig. 4). 


Fig. 1.—Suppurative lymphadenitis. No caseation seen. (Magnification x 360.) 


Fig. 2.—Aorta showing thickened and hyalinized intima. (Magnification x 80.) 
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COMMENT 

This patient was a typical case of pulseless disease or Takayashu’s syn- 
drome. The aorta showed histologic evidence of panarteritis, of undetermined 
etiology. Generalized amyloidosis might have been due to the chronic sup- 
purative cervical lymphadenitis, and the nephrotic syndrome was secondary 
to the renal amyloidosis. Whether or not there was any correlation between 
amyloidosis and pulseless disease is difficult to say. 


Fig. 3.—Aorta. Media showing infiltration with chronic inflammatory cells, 
chiefly lymphocytes. (Magnification < 160.) 


Fig. 4.—Kidney showing amyloidosis. (Magnification x 360.) 
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Case 2.—S., a 15-year-old Hindu girl, complained of chronic cough for 8 years, diminution 
of visual acuity for 4 years, enlargement of cervical lymph glands for 1 year, feeling of tightnes- 
and pain in all the limbs, and edema of the feet for 1 month. The patient’s father said that sh 
was becoming more and more irritable day by day. She was thinly built, with puffiness of the 
face, edema of the feet, and some ascites. The cervical lymph glands were enlarged and matted. 
Both the radial and the brachial pulses were absent. Carotid pulse was present on both sides. 


Fig. 5.—-Caseating tuberculous lymphadenitis. (Magnification x 360.) 


The left femoral pulse was absent, while the right one was palpable. The blood pressure was 
not recordable in any limb. Urine showed albumin +++, and the microscopic examination was 
normal. Serum proteins were 4.4. Gm. per cent, with albumin 2.1 Gm. per cent, serum cho- 
lesterol 188 mg. per cent, and E.S.R. 22 mm. for the first hour (Wintrobe). The fundus showed 
highly myopic eyes. The tuberculin test was positive. The Wassermann reaction test was 
+ — —, and the V.D.R.L. test was negative. X-ray of the chest was normal. Lymph-gland 
biopsy showed caseating tuberculous lymphadenitis (Fig. 5). Left radial arterial biopsy showed 
normal picture, and kidney biopsy showed amyloidosis (Fig. 6). The patient was discharged 
from the hospital and is still alive. 


COMMENT 


This girl is the youngest patient ever reported to have pulseless disease. 
The clinical picture resembled that of the first case in many respects. In ad- 
dition to the pulseless condition, she also had cervical lymphadenopathy, which 
proved to be due to caseating tuberculous adenitis, and a nephrotic syndrome 
secondary to amyloidosis, which might have been secondary to the caseating 


tuberculous lymph glands. 


Case 3.—D., a 54-year-old Hindu woman, complained of giddiness for 6 months, especially 
on exertion, and numbness, tingling, and pain in the left upper arm for 4 months, at times relieved 
by fomentation and massage. This continued to increase until, incidently, one day the patient 
herself discovered the absence of pulse in her left arm. For 2 months before admission she started 
having the same symptoms in her right upper limb, and the right radial pulse became feeble. The 
left arm was paler and less warm than the right one. At present, the radial and the brachial 
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pulses are completely absent in both arms. Carotid pulse is present on both sides, and both 
femoral pulses are faintly palpable. The blood pressure was unrecordable in all four limbs. The 
patient has bilateral immature cataract, and the fundi are normal. The urine is normal. The 
E.S.R. is 38 mm. for the first hour (Wintrobe). Serum cholesterol is 335 mg. per cent, the Wasser- 
mann reaction and V.D.R.L. tests are negative. X-ray of the chest is normal. On left radial 
irterial biopsy the intima shows a certain amount of sclerosis, and there is reduplication of the 
elastic lamina, while the adventitia is normal. There is no occlusion of the lumina with thrombus 
(Fig. 7). The patient is still alive. 


Fig. 6.—Kidney showing amyloidosis. (Magnification x 360.) 


Fig. 7.—Radial artery. Intima showing a certain amount of sclerosis and 
reduplication of elastic lamina. (Magnification < 80.) 


i 
a 
| 


182 MISRA, PRAKASH, AND AGRAWAL nannies 


COMMENT 


This woman presented chronic progressive obliterative involvement of th 
radial arteries similar to that in a case reported by Kinney.’ The bilatera! 
immature cataract is probably due to the deficient blood supply (Ask-Upmark‘) 
Giddiness, and numbness and tingling in the left upper limb may be explained 
as being due to chronic ischemia of the brachiocephalic arteries. 


DISCUSSION 


Pulseless disease is a curious syndrome of unknown etiology, chiefly affecting 
young females. Giffin’ reported the youngest case, aged 19 years, while the 
oldest case, a 64-year-old woman, was reported by Barker and associates. The 
basic pathologic change, described by Ask-Upmark,® is one of chronic progressive 
panarteritis of the brachiocephalic arteries, involving all the layers of the arterial 
wall, along with infiltration of the media with chronic inflammatory cells, mainly 
the lymphocytes, around the vasa vasora, and eventually leading to obliteration 
of the arterial lumen. The picture may resemble that of endarteritis productiva 
proliferans (Frovig®), in which there is very little inflammation, but a closure 
process with organization without evidence of a primary thrombosis. The extent 
of the pathologic lesion may be variable. It may start immediately at the origin 
of the three main branches from the aortic arch, obliterating their orifices, but 
it may also start a few centimeters from their origin. Lesions of the carotid 
arteries may extend to the base of the skull, but the intracranial branches are 
spared. In the aorta the infiltration of its walls may be so dense as to suggest 
a cartilaginous structure. The pathologic tissue has a definite affinity for the 
arch of the aorta, but may also rarely extend itself into the abdominal aorta, 
toward the region of the bifurcation, thus affecting the lower extremities. An- 
other outstanding feature on necropsy is the presence of extensive arterial col- 
lateral circulation. Renal artery involvement has been described only in two 
Norwegian necropsies. The renal arteries were normal except for some narrow- 
ing at their origin (Raeder and Harbitz'®). Ask-Upmark® in one case found on 
pyelography that one kidney was of a smaller size. Its diminished size might 
have been due to primary hypoplasia or to an obstruction of the renal artery 
with subsequent infarction and organization of the kidney. Barker® reported 
albuminuria +++-+ in his case but no histology of the kidney was available to 
account for this albuminuria. 


The symptomatology has been summarized in five categories by Ask-Up- 
mark®: (1) Ischemia of the upper half of the body. (2) Signs of collateral circu- 
lation. (3) Carotid sinus syncope. (4) Cardiac symptoms. (5) General signs. 


1. Ischemia of the upper half of the body: Symptoms are found in the arms 
and in the head, where the arterial insufficiency becomes progressively worse. 
The arms show rapid exhaustion and pain, chiefly during work with the arms 
elevated. Easy exhaustion and pain in the jaws while chewing, aged appearance 
of the face, perforation of the nasal septum, transitory hemiplegia, aphasia or 
epileptiform fits, and loss of memory, all indicate deficiency of blood supply. 
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Visual acuity is markedly reduced by walking or other exertion, and returns 
with rest. Frovig® referred to this symptom as visual claudication. Varying 
stages of cataract formation, corneal opacities, and fundus changes indicate 
poor ocular circulation. All three of our cases had symptoms referable to chronic 


ischemia. 

2. Signs of collateral circulation: The patient may show a vascular systolic 
murmur which, in most cases, is seen in the angle between the clavicle and the 
sternomastoid muscle. There may be a continuous machinery-like murmur, 
as was present in our Case 1 (Lewis"'). The superficial arteries may be palpable 
and there may be notching of the ribs. 


3. Carotid sinus syncope: This has also been reported occasionally. 


4. Cardiac symptoms: Arterial hypertension has been noted repeatedly 
in the arteries of the lower limbs, but it is not a constant feature, and a fairly 
normal blood pressure in the lower limbs has been observed by various workers 
(Ask-Upmark®). Skipper and Flint” reported a similar finding. In all of our 
cases no blood pressure could be recorded in the lower limbs; a similar feature 
has been reported by Ask-Upmark‘ in one of his cases. 


5. General signs: The patient may show fever, elevated E.S.R., tachy- 
cardia, and negative Wassermann reaction test. 

Ross and McKusick"™ reviewed and analyzed about 100 cases. They dis- 
cussed the whole subject of pulse anomalies under the title of ‘‘Aortic Arch Syn- 
drome,” and mentioned the various etiological factors responsible for these 
anomalies: (1) Syphilitic aortitis with aneurysm. (2) Syphilitic aortitis without 
aneurysm—Motley and Moore™ reported 7 cases with 3 autopsy reports. (3) 
Atheromatosis. It is uncommon. (4) Chest injury with or without aneurysm 
formation. (5) Congenital anomalies. It may be that the anomalous place- 
ment of vessels renders them more susceptible to occlusion from any of the above- 
mentioned causes. Trias de Bes and associates observed mesenchymal ab- 
normalities in their case, indicating a congenital basis for the disease. (6) Throm- 
bophilia—suggested by Nygaard and associates'® and by Aggeler and associates.!” 
(7) Nonsyphilitic arteritis or ‘‘young female arteritis,’ or pulseless disease, or 
Takayashu’s syndrome. There is panarteritis of unknown etiology involving 
all the layers of the arterial wall, or the picture may resemble that of endarteritis 
productiva proliferans. 


In Case 1 no etiological factor could be determined for the panarteritis 
which resulted in pulseless disease. Case 2 had caseating tuberculous cervical 
adenitis and a strongly positive tuberculin test, which might suggest tuberculous 
etiology of the arteritis in that patient, as suggested by Japanese authors (Kin- 
ney®), while in Case 3 an elevated serum cholesterol and the radial artery biopsy 
showing some atherosclerosis suggest much more advanced atheromatosis in 
the aorta resulting in obliteration of the pulse. Both Case 2 and Case 3 are 
alive, and therefore a direct histologic examination of the aorta was not possible. 
?eripheral arterial diseases were excluded in all three of our cases by a radial 
irterial biopsy. 
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SUMMARY 


to amyloidosis, a coincidence not reported so 
picture have been dealt with in brief. 
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Rheumatic Heart Disease Associated With Atrial Septal Defect: Clinical 
and Pathologic Study of 12 Cases of Lutembacher's Syndrome 


J. Espino-Vela, M.D.,* Mexico, D.F. 


The association of mitral stenosis with atrial septal defect (ASD) is cur- 
rently known as Lutembacher’s syndrome.*® Because our cases reported herein 
show double mitral lesions and rheumatic involvement of other valves, the 
designation of rheumatic heart disease (RHD) associated with ASD seems more 
appropriate. To be sure, other reports labeled as Lutembacher’s syndrome 
have dealt with cases of double mitral lesion associated with ASD, but they 
are rare.* 4° Rarer still are reports of involvement of other valves in association 
with ASD. 17 :21,27,35 

It is difficult to decide to whom credit should go for the first description of 
Lutembacher’s syndrome. According to some*’ it goes back to Corvisart, in 
1811, over a century before Lutembacher’s description. Other reports ante- 
date the classical: Hiiter’s, in 1864, Martineau’s, in 1865, Wagstaffe’s,*” in 
1869, Chenieux’," in 1870, and Firket’s,'? in 1880. Be this as it may, one thing 
seems certain, that the incidence of the association is low and that the vast 
number of reports are concerned with isolated cases.*:** We believe that it 
would be hard to prove that many more than an hundred such instances have 
been reported.*7 Indeed, some reports deal with nonproved cases, sufficiently 
suggestive nonetheless of the syndrome. Perhaps the diagnosis is postulated 
much too often. 

From the literature reviewed one is convinced that there is a universal 
agreement on the fact that the auricular communication must be a true defect 
or opening of several millimeters in diameter, or perhaps at least one centimeter, 
and of such a nature as to allow free flow of blood permanently, for the most 
part, an arteriovenous shunt. Conversely, Bard and Curtillet’s syndrome‘ was 
described as a cyanotic condition in patients whose heart has a .probe-patent 
foramen ovale (PPFO) which is only capable of allowing a venous-arterial shunt 
once the pressure in the right auricle exceeds that of the left auricle.** Yet, no 
previous cardiac disease is necessary, and any condition capable of elevating 
the pressure in the right cardiac chambers, such as pulmonary disease, may 
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lead to this syndrome. If a PPFO is present in cases of mitral stenosis, Lutem- 
bacher’s opinion was that the mitral valve merely acts as an obstacle very much 
like chronic pulmonary disease. On the contrary, the most prominent hemo- 
dynamic feature of true Lutembacher’s syndrome is a chronic arteriovenous 
shunt which leads to right cardiac hypertrophy and pulmonary hypertension; 
only terminally does the picture become one of inverted shunt through the ASD. 

Most of the cases reported describe an ASD that should be classified embryo- 
logically as widely patent foramina ovalii. Such, at any rate, is the characteristic 
of the case of Lutembacher,”* a defect measuring ‘‘3.5 by 4 cm. associated with 
mitral stenosis.” 

The present paper deals with 12 proved cases of the association of mitral 
valvular damage with wide ASD. Embryologically, they seem to be the result 
of extensive resorption of the septum primum with faulty development of the 
septum secundum. Three cases had virtually a single auricle?® (Fig. 4). Al- 
though we have encountered half a dozen cases which seem sufficiently charac- 
teristic of the syndrome clinically, we have limited this description to 11 cases 
proved at autopsy and 1 at operation. This seems a relatively high number, 
and yet it is rather surprising that more cases are not seen since rheumatic heart 
disease is responsible for no less than 40 per cent of the admissions to the National 
Institute of Cardiology in Mexico.’ Likewise, our second most frequent congeni- 
tal cardiac anomaly is ASD.'® It is therefore strange not to see these two entities 
associated more often. Only once in about 500 commissurotomies has the 
syndrome been discovered at operation, and our surgeons have consistently 
explored the atrial septum. 

A correlation of anatomic findings is made with the clinical, radiologic, 
and electrocardiographic data. Whenever possible, the size of the auricles 
was estimated volumetrically. Lung sections were done in 5 cases. Tables I 
and II summarize the clinical and anatomic findings, respectively. 


RESULTS 


There were 8 females aged 14 to 71 years, and 4 males aged 10 to 48 years. 
The mean age for the group was 33.5 years. 

With the exception of a 48-year-old man (Case 7) and a 71-year-old woman 
(Case 12) the clinical diagnosis of rheumatic valvular disease was correctly postu- 
lated. A history of rheumatic fever was present in some patients, but Cases 
1, 7, 8, 11, and 12 had no such history, and in Cases 6 and 10 it was doubtful 
(see Table I). 

Mitral regurgitation was diagnosed in all but three cases (Cases 7, 11, 
and 12) because of the presence of a harsh, loud systolic apical murmur radiating 
to the left axilla; concomitant mitral stenosis was substantiated by the presence 
of palpable closure of the mitral valve, a snapping first sound at the apex, and, 
in seven cases, a diastolic rumble without presystolic accentuation. A mitral 
opening snap was heard in one half of the cases. One had a systolic apical mur- 
mur without evidence of mitral stenosis (Case 7). Tricuspid valvular damage 
was diagnosed in nine cases on the basis of a systolic murmur at the tricuspid 
area accentuated during deep inspiration (tricuspid regurgitation®) (Fig. 2). 
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Aortic valvular involvement was suspected premortem in only one case, because 
of the presence of an aortic diastolic murmur. Auricular fibrillation was present 
in 3 patients, Cases 5, 8, and 12, aged 33, 32, and 71 years, respectively. The 
only living case had chronic protracted auricular flutter. Other pertinent find- 
ings were systolic and diastolic apical thrills in one patient despite the fact that 


Fig. 2.—X-rays, electrocardiogram, and specimen of Case 6. Notice in the x-rays that there is 
no conspicuous prominence of the pulmonary artery despite vascularity of the lungs. The right oblique 
view shows a slight but seemingly evident left auricular enlargement. Below, the specimen seen from 
the left cardiac chambers (left). Notice the auricular septal defect, which in the fresh specimen meas- 
ured 2 cm. in diameter; the mitral stenosis was so severe that the papillary muscles are fused with the 
mitral valve leaflets, and no chordae tendineae remain visible. To the right, the heart is seen from the 
right cardiac chambers. Notice here the severe tricuspid damage; here too, chordae tendineae have 
practically disappeared. The electrocardiogram shows a right axis deviation, a right bundle branch 
block, extrasystoles, and a notched P wave in Lead I. 
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no accentuation of the diastolic rumble was heard. A systolic impulse at the 
second left intercostal space and a palpable closure of the pulmonic valve were 
frequently found. Forceful heave of the precordial area was present in the 
younger patients (Cases 2 and 3). A systolic impulse at the lower sternal area 
was the rule. Finally, the maximal apical impulse was invariably displaced to 
the left and downward. One patient had hypertension in the upper extremities 
and hypotension in the lower extremities, that is, evidence of aortic coarctation 
(Case 7); his intercostal arteries were palpable. Clinical and laboratory data 
of active rheumatic fever were present in Cases 2 and 3 and for some time in 
Case 9. The suspicion of mitral damage in Case 11 was based solely on the 
presence of a snapping first apical sound and a faint apical rumble. The ASD 
was readily diagnosed. Case 12, the 71-year-old patient, was thought to have 
advanced cardiosclerosis and chronic cor pulmonale. 


Fig. 2.—ECG. (For legend see opposite page.) 


Radiologic examination either substantiated or was compatible with the 
diagnosis of rheumatic heart disease in every case: the cardiac shadow was 
consistent with mitral, mitral and tricuspid, or mitral-tricuspid-aortic valvular 
heart disease. The pulmonary segment in some cases (Fig. 4, Case 8) was very 
prominent. In others (Fig. 2, Case 6) it was not especially prominent; it formed 
a large convex contour continuous with the arc of the right ventricle. This was 
felt to be due to considerable clockwise rotation of the heart, with the pulmonary 
artery displaced toward the back. The pulmonary branches were usually large 
and opaque; frequently, circular patchy areas of profuse vascularity were seen 
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in the lung fields (Figs. 1, 3, and 5), even in cases in which the middle arc was 
not very prominent. The pulmonary artery and the hilar shadows had increased 
pulsations, a true hilar dance. The left auricle was not enlarged in several 
cases, but in some this chamber was definitely, although slightly, enlarged (Figs. 
2 and 5) as judged by the displaced barium-filled esophagus. By and large, the 
important cardiomegaly commonly seen made it difficult to evaluate the true 
degree of left auricular enlargement. 


TABLE II. ANATOMIC FINDINGS 


DIAMETER OF 
OTHER FINDINGS 


Sofa | i | — + — | — | Single auricle 


(572) +++/++/ - — | — | Very large Hypoplastic aorta; 
| acute glomerulo- 
| nephritis 


3. (510) | +/+ 


4. (5556) 


5. (46277) | ++ | 

6. (10282) |++++| + | 

7 


(2979) ++) | 3. Aortic coarctation; 
fenestrated aortic 
valves 


8. (53249) | +++|++| + | 


| 
| 
| 


9. (22814); 


Patient operated for 
mitral stenosis only 


10. (56609) | +++) 


11. (58484) | ++ | | Sutured de- Mitral area 1.84 cm.? 
fect: size of | (postmortem) 
suture, 


*This patient was operated upon under hypothermia for closure of the ASD; she died suddenly 
of cardiac standstill at the completion of the surgical procedure. 

MS = Mitral stenosis. MR = Mitral regurgitation. TS = Tricuspid stenosis. TR = Tricuspid 
regurgitation. AS = Aortic stenosis. AR = Aortic regurgitation. 


The right auricle was always very large, and it formed most of the right 
arc of the right cardiac border (Figs. 1, 2, and 3). The right ventricle was like- 
wise greatly enlarged in contrast with the left one, which was moderately en- 
larged despite the presence of a double mitral lesion in some cases. Again, its 
true size was difficult to estimate. The aorta was usually normal or even hypo- 
plastic, even in cases with aortic valvular damage. It was normal-looking in 
a case associated with aortic coarctation (Fig. 3). This case showed rib-notching. 


com 
1. (1962) | 

+ + | + | 15cm. 
— | 1.5 cm. 4 
> 2.5 cm. 
+ + | + | 2.0 cm. 
24 mm.* 
12. (60983) ++ +|- | Functional | — | — | 3.5 cm. | 
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Fig. 3.—X-ray and electrocardiogram of Case 7, the patient who had a double mitral lesion and 
aortic coarctation. Notice some of the notches in the ribs (indicated by arrows). The atrial septal 
defect measured 3.5 cm. in diameter. 


Fig. 4.—Frontal x-ray of Case 8 and specimen. Notice the huge cardiomegaly with profuse vas- 
cularity of the lung fields. The atrial septal defect is huge—practically a single auricle (indicated by 
he arrows). Through this defect is seen the slit-like orifice of the stenotic mitral valve. 
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Fig. 5.—X-rays, electrocardiogram, and specimen of Case 10. Notice in the x-rays that cardio- 
megaly is not particularly large. Prominence of the pulmonary artery and vascularity of the lungs 
is, however, quite conspicuous. It is very difficult to ascertain the true size of the left auricle, since 
there is some amount of rejection of the barium-filled esophagus by the left auricle in the right oblique 
position; yet, in the left oblique position the left bronchus is not displaced upwardly by the left auricle. 
The electrocardiogram shows a right axis deviation, a notched ‘‘mitral’’ P wave, and a right bundle 
branch block. The picture of the specimen shows a very large defect, measuring 4.5 cm. in diameter; 
notice also the thickening of the free edge of the tricuspid valve leaflet and the chordae tendineae. 
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Fig. 6.— X-rays, electrocardiogram, and specimen of Case 12, a 71-year-old woman. Cardiomegaly 
very apparent; profuse vascularization of the lung fields is evident. The left lateral view does not 
show displacement of the bronchus nor backward displacement of the esophagus by the left auricle. 
“he specimen shows a slightly enlarged left auricle. The defect is huge; it measured 3.5 cm. in diameter. 
Notice the thickening of the valve under the defect. Portions of the leaflet have been removed; they 
ad evidence of rheumatic damage. The electrocardiogram shows a right axis deviation, auricular 
brillation, and right ventricular hypertrophy; qR complexes in the right precordial leads bespeak 
msiderable right auricular enlargement. 
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Electrocardiographically there were signs of right ventricular overloading, 
as was to be expected in mitral valvular disease. In addition, every case showed 
a right bundle branch block (RBBB) with polyphasic complexes of the qR. 
rsR, or W type in Lead V;. The P wave was often enlarged and sometimes 
showed marked notching. Three cases had auricular fibrillation (Fig. 6). Left 
ventricular enlargement was not infrequent. 

The diagnosis of ASD was suspected clinically in eight instances. One ot 
the orienting signs was cyanosis. It was doubtful in one case, moderate in seven, 
and absent in the remainder. Other supportive elements were, in ten cases, a 
moderate systolic murmur at the pulmonary area often accompanied by a palpa- 
ble thrill. There were no murmurs at the pulmonary area in one case, and a 
double systolic and diastolic murmur was described in Case 3. The second 
pulmonic sound was always accentuated and often widely split. 


Radiologic data suggestive of ASD were the large size of the pulmonary 
artery and its branches, with marked pulsations of both.* 


In support of the diagnosis of ASD the electrocardiogram showed RBBB. 
In five cases the qR complexes of Lead V, were indicative of large right auricles 
and indirectly suggested the possibility of ASD** (Fig. 6). 

In summary, the clinical features suggestive of the association of rheumatic 
valvular disease and ASD were: (1) atypical auscultatory findings of rheumatic 
mitral stenosis: no presystolic accentuation of the diastolic rumble; (2) the 
presence, quite commonly, of a systolic murmur accompanied by a palpable 
thrill in the pulmonary area; and (3) cyanosis of slight to moderate degree (not 
seen in the absence of heart failure). Radiologically, supportive evidence of the 
diagnosis of this association were: (1) the large size of the pulmonary main 
trunk and its branches, with (2) vigorous pulsations, in association with (3) 
a mitral or mitral-tricuspid cardiac contour, and (4) slight or absent left auricular 
enlargement. Finally, electrocardiographic data suggestive of this diagnosis 
were: (1) the presence of RBBB and (2) commonly, qR type complexes in Lead 
V, with (3) concomitant left auricular enlargement (‘‘mitral’’ P waves). 

Two cases were catheterized: Cases 9 and 11. The results of catheteriza- 
tion in Case 9 are shown in Table III. Notice the relatively high pressure with- 
in the left auricle and the pulmonary vein. 

Case 9 was also studied phonocardiographically; the findings at the apex in- 
cluded a mitral opening snap and a mid-diastolic rumble in addition to a sys- 
tolic murmur. The interval between the Q wave and the first sound was 0.09 
second. At the pulmonic area there was a muffled first sound, a protosystolic 
snap, a rather loud systolic murmur, and a widely split second sound. This 
patient eventually underwent commissurotomy, with the correct diagnosis of 
Lutembacher’s syndrome. The ASD found at operation measured approximately 
“6 by 6 cm. in diameter.”’” It was felt safer to perform a second operation by 
right thoracotomy and with a plastic patch. The patient has refused to be 
operated upon for closure of her defect because she obtained relief through com- 
missurotomy (alleviation of cough and dyspnea). The stenotic valve measured 
1 cm.’. 
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Course.—The disease progressed with increasing dyspnea: orthopnea and 
even paroxysmal dyspnea in some cases. Cough and hemoptysis were present 
in several patients (see Table 1). Finally, nine patients died in severe congestive 
cardiac failure, some of these with active rheumatic fever, i.e., the younger 
patients, and some, very late in life (Case 12). Case 10 was being treated for 
mild cardiac failure at the age of 56 years. She died of acute renal failure from 
an excessive dose of mercurial diuretic administered by mistake. Case 11 died 
immediately after completion of closure of the ASD. Case 9, the living patient, 
is in mild chronic failure and requires digitalis in small doses. 


TABLE III. CATHETERIZATION DATA IN CASE 9 


GAS ANALYSIS PRESSURE (MM. Hg) 


| SATURATION (%) | SYSTOLIC | DIASTOLIC 


76.71 
91.40 
83.89 
85.30 
88.20 


91.40 


Capacity 17.34% 
Hemoglobin 12.9 Gm. 


SVC = Superior venacava. RA = Right auricle. RV = Right ventricle. PA = Pulmonary artery. 
LA = Left auricle. PV = Pulmonary vein. FA = Femoral artery. 


Pathology—The heart was always enlarged, ranging in weight from 540 
to 740 grams. The most dilated cavity was the right auricle, followed by the 
hypertrophied right ventricle and the left ventricle. The left auricle was slightly 
enlarged or normal, its volume being calculated approximately at between 37.5 
c.c. for the smallest case and 100 c.c. for the largest. According to standard 
volume measurements in Mexico, by Velazquez,” a few cases exceeded normal 
figures. 

The ASD was thought to be so large in three cases as to constitute virtually 
a single auricle. The measurements of the defect in the remainder varied be- 
tween 15 and 60 mm. in diameter (see Table I1). 

The rheumatic attack was generally severe and, in the majority of instances, 
extensive, with variable degrees of rheumatic activity. Double mitral lesions 
were present in all, with predominating mitral stenosis. Tricuspid involvement 
Was severe in two cases and mild to moderate in five other cases; regurgitation 
was prevalent. Aortic damage was seen in three cases, but was always slight. 

Evidence of old pulmonary infarcts was feund in one case. An adult type 
of coarctation was present in Case 7. Case 2 showed pathologic evidence of 
icute glomerulonephritis. 

The pulmonary artery was always considerably larger than the aorta. 
't showed calcified atheromatous plaques in some cases. 


SVC 13.28 
RA 15.85 10 
RV 14.50 54.0 4 22 
PA 14.78 54.0 20 35 
LA 15.29 ; 12 
PV 16.50 — 20 
FA 15.84 
j 
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DISCUSSION 

While some workers®:*:!8.57.38.39 admit the congenital nature of the mitral 
lesion, all of our cases, including the clinical case (on which biopsy of the righi 
auricular appendage showed a healed rheumatic endocarditis), are unquestion- 
ably pathologically proved examples of rheumatic heart disease. A true history 
of rheumatic fever or of rheumatic activity was a strong point in favor of this 
diagnosis in at least five cases. Lutembacher’s original case and several cases re- 
ported in the literature have had no history of rheumatic fever.?:*:5:8.15,17,22,24,26,31,39 

Outstanding manifestations in this syndrome are those which express pul- 
monary hypertension as a repercussion of the association of rheumatic heart 
disease and ASD. Either of these entities separately tends to elevate pulmonary 
pressure. It could be advocated theoretically that they combine their effects 
when they coexist.“-*! In many of our patients there was clinical, radiologic, 
and electrocardiographic evidence of pulmonary arterial hypertension. More 
important, however, were the clinical manifestations of capillary venous hyper- 
tension observed in several of these patients, such as orthopnea, hemoptysis, 
and paroxysmal dyspnea. Orthopnea is seen in accentuated mitral stenosis in 
the absence of cardiac failure. Paroxysmal dyspnea and hemoptysis perhaps 
indicate that in addition to increased capillary venous pressure there was a 
relatively weak arteriolar vasoconstriction, incapable of constituting a ‘“‘defen- 
sive barrier’ to the venous capillaries. Some reported cases have had similar 
venous capillary hypertension, including hemoptysis."':**.57 Another explanation 
for this might be the difficulty encountered by the left auricle in emptying its 
contents into the left ventricle through the stenotic mitral valve and through 
the ASD into a hypertensive right auricle. Both factors may add their effects. 
That hemoptysis may have other causes than venous capillary hypertension is 
beyond question. Yet when it coexists with severe chronic dyspnea, it is sug- 
gestive of venous capillary hypertension. 

Pulmonary arterial hypertension may be masked clinically during a certain 
phase of the disease by the presence of tricuspid damage,’® since tricuspid regurgi- 
tation often leads to ‘‘pulmonary decongestion” and improvement of symptoms 
which express pulmonary engorgement. For this reason it may be valuable 
to discover hemoptysis in patients who, like ours, had tricuspid regurgitation. 
One is almost forced to admit that despite the presence of this “decongesting”’ 
lesion,! hypertension due to the hemodynamic disturbance caused by ASD 
added its effects to those of hypertension due to mitral stenosis. Yet, it must 
be borne in mind that tricuspid regurgitation in mitral stenosis expresses greater 
pulmonary pressure.!!° 

An opposite view maintains that the presence of ASD is a protective mecha- 
nism against pulmonary hypertension in mitral patients, by acting favorably 
on the venous capillary network. In other words, this segment of the pulmonary 
circuit in a patient with mitral stenosis would be better protected when an ASD 
is present. This original view was first postulated by Firket,!” in 1880. Lutem- 
bacher®® was of the opinion that because of the presence of ASD, the danger 
of pulmonary stasis in mitral stenosis is diminished, and that stasis begins in 
the lungs and ends in the systemic circulation; conversely, cases with added 
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ASD begin with stasis in the systemic circulation and end with pulmonary en- 
gorgement—possibly due to inverted shunt at the auricular level. We found 
little evidence to support this view in several of our cases. This may be due to 
the fact that the smaller the area of the ASD the more resemblance there is to 
pure mitral stenosis without ASD. Five cases, two of which showed virtually a 
single auricle and three a defect of at least 35 mm. in diameter, did not have the 
symptoms of venous capillary hypertension such as severe dyspnea and hemopty- 
sis. Two more cases (Cases 11 and 12) had slight mitral stenosis with a large 
ASD. The remainder had a smaller ASD. 

With regard te diagnosis, from the auscultatory point of view, it is signifi- 
cant that the diastolic apical rumble was always atypical, as pointed out by 
Lutembacher®* and later by others.?:!*4 Lutembacher’s explanation seems 
adequate: the blood entering the left auricle follows two paths, and the small 
amount of blood traversing the stenotic mitral valve is incapable of producing 
a typical diastolic rumble with presystolic accentuation. Although this author’s 
original case was in heart failure and had auricular fibrillation, there do not seem 
to be good reasons to invalidate his findings nor his interpretation. In our series 
there were cases with sinus rhythm and others with auricular fibrillation. Auscul- 
tation did not differ in either group in this respect. It is well to add that all 
our cases had more than one type of valvular lesion, and this is an important 
difference from true Lutembacher’s syndrome. Not always is auscultation as 
described. Some cases in the literature’*°*”? have had a typical Duroziez mur- 
mur accompanied by a diastolic apical thrill. The presence of a systolic murmur 
at the pulmonic area seems a good aid in the diagnosis, although it is not specific; 
it expresses pulmonary dilatation, a quasi-constant feature in ASD. 

The presence of cyanosis was a useful clue in suspecting ASD in five of the 
cases. This sign is the consequence of pulmonic hypertension,'* but it was always 
present in advanced stages of the disease. It must be severe or one runs the 
risk of attributing too much value to it in cases in which rheumatic valvular 
lesions are capable of causing it through peripheral circulatory stasis in the 
absence of ASD. We have seen this to be true in chronically ill mitral and tri- 
cuspid patients,! in ventilatory insufficiency’ of mitral patients reaching the stage 
of chronic cor pulmonale” with slight to moderate unsaturation and peripheral 
cyanosis.2® While hypertension antedates cyanosis, it is also its cause, so that 
at some stage there may be mixed shunts,” which later become predominantly 
inverted. Finally, severe congestive heart failure, the final stage of cardiac 
reserve, was apparently the result of several factors, among which pulmonary 
hypertension was outstanding in nine autopsy cases. The living patient, 27 
years of age, has no evidence of cyanosis or unsaturation (91 per cent arterial 
saturation is within normal for Mexico City); her pulmonary pressure was 54 
mm. Hg. Nor was cyanosis seen either in the patient who died accidentally 
(Case 10), and it was very mild in the 71-year-old patient (Case 12) who had 
led an active life and had had several pregnancies. Repeated bouts of cardiac 
failure are not uncommon prior to death. They were seen in this series and in 
others reported.?*! The severity of rheumatic activity seems important in the 
rapid course followed by some cases (Cases 2 and 3). 
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Some workers attribute great importance to radiologic findings for the diag- 
nosis of this entity,>:*.*7-3 the most salient points being the large size of the pul- 
monary artery and its branches with vigorous pulsations, especially in the pres- 
ence of a cardiac shadow which is reminiscent of mitral valvular disease. Such 
findings indicate the increased flow through the pulmonary circuit, which is, 
for the most part, arteriovenous during a long period of the patient’s life, before 
great pulmonary hypertension, cardiac failure, and inversion of the shunt take 
place. The outline of the left auricle is important. There would seem to be rea- 
sons to believe that it should be normal in size or slightly enlarged. This would 
be in agreement with the view of the protective role of the ASD. Here again, 
as with clinical features, the protective role of the ASD seems true only for some 
cases; for others in our series this chamber was enlarged.” This enlargement 
may be seen only in the left anterior oblique view, but occasionally it is seen as 
a double contour in the frontal view (Fig. 1). A third arc in the frontal view 
was not seen. This seems a good negative diagnostic feature. It was not easy 
to correlate the size of the left auricle with the size of the ASD; one case with 
a large ASD seemingly had a large left auricle (Fig. 5). 


The electrocardiograms are certainly. compatible with the diagnosis of 
mitral valvular disease with right ventricular hypertrophy. The presence of 
polyphasic complexes, indicative of RBBB, is not uncommon in mitral valvular 
disease complicated by tricuspid damage; it is a highly frequent finding in 
ASD.*:* Therefore, it is sometimes difficult to attribute this sign to either 
disease individually considered. It was seen in three autopsy cases without 
tricuspid involvement. The morphology of the P wave seems important: it 
is usually wide, and deeply notched. This is in perfect agreement with the 
diagnosis of a ‘“‘mitral P wave”’ despite the fact that some cases had a doubtful 
left auricular enlargement. 


Pathologically, the right auricle was the largest chamber in several speci- 
mens. The left auricle varied in size from slightly enlarged to normal, which 
is in agreement with radiologic findings. Cases in which this chamber was large 
may suggest that the ASD was insufficient to protect it from hypertension” 
because of its small size. But this is not invariably the case. Histologically, 
some changes in the arteriolar pulmonary vessels and in the pulmonary artery 
were expected. Widely dilated pulmonary arteries were found. But lung sec- 
tions from five cases did not reveal important vascular arteriolar damage. This 
is not remarkable since we have not been able to find any more than slight changes 
even in severe mitral patients without ASD.*° 


SUMMARY AND CONCLUSIONS 


Twelve proved cases of the so-called Lutembacher’s syndrome are pre- 
sented, eleven at autopsy and one at operation. The relative rarity of this 
disease is emphasized, considering that ASD is the second most frequent con- 
genital cardiac malformation in Mexico City, and that cases of rheumatic heart 
disease make up over 40 per cent of the admissions to the National Institute ot 
Cardiology in Mexico. In every case myocardial rheumatic valvular disease 
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was severe and extensive, quite often affecting more than one valve. This rules 
out the congenital nature of the mitral stenosis. 

Clinically, the disease is most often typical of severe rheumatic heart dis- 
ease, and multiple valvular lesions are’the rule. The severity of the lesions 
described in some of these patients is unlike any descriptions reported. The 
diagnosis which was commonly and correctly postulated was almost of necessity 
rheumatic heart disease. The suspicion of the added presence of ASD was based 
on atypical auscultatory findings, some morphologic and hemodynamic fluoro- 
scopic data of the heart shadow, and the presence of a RBBB in the electrocar- 
diogram. Less often, the diagnosis of ASD was readily apparent while that 
of rheumatic heart disease was not so obvious (three cases). Two cases were 
exceptional and neither diagnosis was correctly postulated: one patient had 
aortic coarctation and another one had lived to the age of 71 years with cardio- 
sclerosis and chronic cor pulmonale. 


Physiopathologic considerations are made regarding pulmonary arterial 
and capillary venous hypertension. A brief comment on the pulmonary vascular 


histology is made. 
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Clinical Observations On Coronary Heart Disease 


in Epidemiological Population Studies 


Paul D. White, M.D., Boston, Mass. 


INTRODUCTION 


The type of research with which this paper deals is but one approach to the 
problem of coronary heart disease. It should supplement and not replace other 
kinds of research, that is, the studies concerning this disease in experimental 
animals, including monkeys, and, when safe, on man himself. Such other studies, 
of course, should be from all directions, biophysical and biogenetical as well as 
biochemical, physiological, and clinical (both medical and surgical), and should 
be carried out preferably by teams combining experts in the various fields. 

The epidemiological research to which I refer is still in its early infancy and 
requires much careful development and encouragement in its growth. It can 
be done best probably by international teams making comparative studies in 
various parts of the world, with experts in physiology, biochemistry, nutrition, 
pathology, and clinical medicine comprising the teams. It is a difficult, time- 
consuming, and expensive type of investigation. 

A pioneer presentation was made in a symposium in Washington at the 
Second Congress of Cardiology four years ago, and was published later in a small 
volume by Ancel Keys and myself. It has been the subject of various papers and 
conferences since, such as that held in Brussels, in September, 1958, by Le 
Centre d’Etude des Maladies des Artéres Coronaires. The present paper is in 
the form simply of a progress report, quite unfinished, and is presented with the 
hope that four years from now another such may be possible by myself and/or 
others, much more advanced but probably still incomplete. This report is an 
account of my own personal experiences as a pioneer working with many others, 
and is not intended as an attempt to cover the field and the voluminous literature 
already printed on the subject. ‘ 

During the past few years pioneer studies have been initiated among various 
populations in the Old World and the New in an attempt to determine possible 
relationships between the ways of life and certain diseases, such as rheumatic 
heart disease, hypertension, and severe coronary atherosclerosis (in particular, 
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coronary thrombosis). As further introduction to my subject, I present Tables 
I, II, and III; the first demonstrates the very great importance of the diseas: 
under discussion, and the other two illustrate the complicated picture of the 
ensemble of the possible causes of the disease in need of investigation. 

In the case of coronary heart disease one of the environmental factors o: 
agents that has been not too difficult to measure, and which varies greatly in 
different parts of the world and in different portions of the same population 
living in the same place or far apart, is diet. The details of the diet have been 
and are now, quite rightly, the focus of increasingly intense research, even though 
it is recognized that other factors such as the degree of physical activity, emo- 
tional stress and strain, toxic substances, climate, and especially heredity, also 
need careful evaluation. If other factors are by nature or by intent essentially 
constant, it is reasonable to attempt to relate disease or the extent thereof to 
pronounced variations in the diet. With varying degrees of justification and 
success such investigations of the diet have been going on in the course of epi- 


TABLE I. U.S. Puspitic HEALTH Statistics, 1956 


TOTAL DEATHS IN 1956 1,565,000 


Diseases of heart and blood vessels 843 ,410 
Coronary heart disease 428 , 800 
Vascular lesions affecting nervous system, and due in 
large part to arteriosclerosis 179,110 
General arteriosclerosis 32,420 
Hypertension 84,460 
with heart involvement 73,480 
without 10,980 
Other types of cardiovascular diseases, including rheu- 
matic, congenital, etc. 118,620 


TABLE II. Host: Basic Factors BEHIND CORONARY HEART DISEASE 


Race 
Heredity 
A. Physical characteristics 
a. Body build 
b. The coronary arteries themselves 
1. The wall itself 
2. The tree and its anastomoses 
Chemical and metabolic 
a. Diabetes 
b. Hypercholesterolemia 
c. Other 
Nervous, mental and spiritual, including the sensitivity of the patient. Personality and 
character 


1. 
2. 
3. Age 
4. Sex 
5. X 
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demiological pioneering. At the same time it is to be recognized that similar 
pioneering should proceed in the appraisal of other environmental factors. 

It has been my good fortune, inasmuch as | have long been interested in the 
pathogenesis and etiology of coronary heart disease, to have been invited to join 
in some of the team researches of two of the present-day authorities in the study 
of nutrition as it relates to diseases such as coronary thrombosis. These pioneers 
in national and international epidemiological research are Professor Ancel Keys, 
of the University of Minnesota, and Professor Fred Stare, of Harvard University. 

A summary review of my clinical experiences with these observers and with 
others during the past few years appears to be worth while, both for the informa- 
tion already derived and as a background for further and more extensive and 
intensive investigations. I should like to express my appreciation to my fellow 
clinical observers in these various researches, including especially the following: 
Drs. Malmros and Biérck, of Sweden, Drs. Puddu, Mattioli, Posteli, and Poppi, 
of Italy, Dr. Kimura, of Japan, Dr. Bronte-Stewart, of South Africa, Dr. Carlotti, 
of France, and Drs. Levine, Sprague, Bland, Lerman, Gertler, Garn, Pomeroy, 
Berman, Larsen, and Miller, of the U.S.A., as well as to the many experts in 
the fields of biochemistry, physiology, and nutrition from those and other 
countries (England, Finland, Austria, Yugoslavia, and Greece) who have carried 
out the clinical laboratory studies. I would like also to thank Professors Sotgiu, 
of Bologna, Caccuri, of Naples, Aresu, of Cagliari, and Ellis, of Boston, for their 
help in arranging some of these studies. 


TABLE III. AGENT: SECONDARY OR ENVIRONMENTAL FACTORS BEHIND CORONARY HEART DISEASE 
(THE CHIEF REASON FOR EPIDEMIOLOGICAL RESEARCH) 


Social customs 
Fats A. Marital and family status 
Proteins B. Religion (e.g., fasts) 
Carbohydrates C. Social (e.g., siestas, cocktail parties) 
Total calories 
Vitamins 5. Toxic substances 
A. Tobacco 
Physical activity or lack thereof B. Alcohol 
A. Work C. Other 


B. Exercise 


3. Stress and strain . Parasites 
A. The type of strain A. Bacteria 
B. The degree of strain B. Viruses 
C. Other 
7. Climate and weather 


INITIAL STUDIES IN THE UNITED STATES 


Although I had been interested for years in efforts to uncover clues as to the 
ause or causes of serious coronary atherosclerosis, it was only during the last 
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decade that I personally began to be involved in such studies, first, in the case 
of 100 persons examined in Boston who had suffered coronary thrombosis under 
the age of 40 years,' and, second, in a follow-up of several hundred Harvard Uni- 
versity athletes of a generation earlier who had won their letters playing football.’ 

The 100 cases of coronary thrombosis in young persons! included a great 
preponderance of men; actually, the ratio of men to women was 97 to 3. This 
was the most important clue in these young adults. The second most important 
clue seemed to be that of body build. The mesomorph, that is, the broad mus- 
cular person, was much more likely to be subject to this disease early than the 
endomorph or, especially, the ectomorph; in fact, there was not a single pro- 
nounced or ‘“‘pure’’ ectomorph among the 100 cases. There were a few ‘‘pure”’ 
endomorphs but many borderline cases, that is, mesomorphic-endomorphs and 
ectomorphic-mesomorphs. The third clue was that of family history. There 
was definitely more coronary heart disease in the immediate ancestors of the 
coronary cases than in the ancestors of a control series. The fourth clue was that 
of the serum cholesterol which, although varying widely, averaged a definitely 
higher figure in the cases of coronary thrombosis, and in a few of those the figure 
was very high. Other factors such as diet, exercise or lack thereof, the use of 
tobacco and alcohol, and stress and strain were less clear in their relationships, 
probably due in large part to their uniformity. 

A study of the football players? was much less satisfactory, partly because 
it was largely in retrospect by questionnaires, and partly because the average 
American college graduate lives in much the same way as his fellows after gradua- 
tion. Football players were chosen in this study because they were almost all 
of the mesomorphic build, and, therefore, in that particular, nearly all candidates 
for coronary heart disease. Four hundred and twenty-four Harvard College 
students who had won their football ‘‘H’’ from 1901 to 1930 inclusive were fol- 
lowed up. A considerable number of these were able to supply too little useful 
information, but for the analysis of certain data there was adequate knowledge 
about 355 persons. The chief cause of death among those who had died was 
coronary heart disease, which was responsible in 25 cases, or 29 per cent of the 
87 deaths, out of the total series of 355 cases. Cerebral “hemorrhage,” generalized 
arteriosclerosis, and congestive heart failure accounted for 8 more deaths, making 
a total cardiovascular mortality of 33 cases or 38 per cent. Cancer ranked second, 
causing 11 deaths or 13 per cent. Pneumonia and war injuries accounted for 
9 deaths or 10 per cent each, accidents for 8 deaths or 9 per cent, suicide for 4 
deaths or 5 per cent, and typhoid for 2 deaths. Death in the remainder of the 
cases (13 per cent) was due to miscellaneous diseases. Meanwhile, the male 
white population of the same age in 1940, in Massachusetts, showed cardio- 
vascular deaths amounting to 44 per cent, while cancer caused 13 per cent, ac- 
cidents 7 per cent, pneumonia 5 per cent, and other causes accounted for 31 
per cent; it was, however, impossible to determine just how many of the cardio- 
vascular deaths were of coronary origin in the general population. 

Among these football players there was a higher percentage of positive family 
history of coronary heart disease in the coronary group than in the controls. 
The coronary group included 9 living cases as well as the 25 who had already 
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died of coronary heart disease. One of the most significant findings in the study 
was the apparent protection afforded by the continuation of a program of heavy 
exercise. It happened that no individual in this study who had maintained a 
program of heavy exercise throughout life had as yet developed evidence of 
coronary heart disease.* Neither tobacco nor alcohol appeared to have much 
influence on the development of coronary heart disease. Unfortunately, the 
lack of detailed and accurate information about the dietary habits prevented 
any satisfactory conclusions as to diet in this particular group. 

The chief defects revealed in a study of this sort lie in its retrospective nature 
and in the uniformity of the ways of life of most Harvard or other college gradu- 
ates, and, therefore, in the difficulty of comparing extremes because of the 
inadequate numbers represented therein. Dr. Pomeroy and I, in a paper recently 
published in the Journal of the American Medical Association, concluded that 
“a study of racial groups and individuals either in the country of their origin or 
when transplanted elsewhere, living very differently from others of the same race, 
should prove much more instructive.”’ 


EPIDEMIOLOGICAL INVESTIGATIONS ABROAD 


In the spring of 1954, Ancel Keys and his physiological and biochemical 
associates, Italian, Swedish, and American, carried out a study of four groups 
of healthy Neapolitan citizens in Italy. The groups were comprised of 138 
workers in the Ilva Steel Mills, 150 city firemen, 59 city clerks, and 46 well-to-do 
citizens who were members of the Rotary Club of Naples. The study included 
physical examinations, anthropometric data, electrocardiograms, measurements 
of serum cholesterol, and dietary analyses. These investigators followed this 
study with a visit to Bologna, where they examined in much the same way 54 
policemen. There were two reasons why these two cities were chosen; first, 
there was a great difference between the two places as to the diet of the populace, 
with particular reference to the fat content of the diet, and secondly, there was a 
most cordial support of the study by the medical scientists and government 
officials in both cities. In brief, it was found that the fat content of the diet and 
the serum cholesterol of the first three groups, that is, of the working men in 
Naples, was appreciably lower than that of either the members of the Neapolitan 
Rotary Club, the Bolognese policemen, or the Minnesota white-collar workers 
(205 in number) (Table IV, A and B), while other data, electrocardiographic, 
anthropometric, and the results of physical examination, were very much the 
same in all groups. 

At the same time that these physiological, biochemical, and dietary analyses 
were going on, a few of us clinicians, Italian, Swedish, and American, visited 
the general hospitals in Naples, consulted the City Health Department, saw 
sick patients at home with the city physicians, and conferred with several pro- 
fessors of medicine of the University and with the leading cardiologist of southern 

*Incidentally, it is of much interest that Clarence DeMar, who had runin more than 200 marathon 


races over an interval of many years, even after the age of 60 years, and who died of cancer at the age of 
70, showed at autopsy capacious coronary arteries and a normal heart muscle. 
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Italy, Dr. A. Mattioli. Dr. Mattioli was at the time preparing a second edition 
of his book on myocardial infarction based on his personal experience in private 
practice with this disease which had affected many hundreds (over 2,000) 
of his well-to-do patients in Naples and in other places in southern Italy. These 
patients of his usually remained at home, because the facilities for such cases 
in the general hospitals were inadequate, and because there were very few private 
hospitals in Naples at that time for well-to-do medical patients. In contrast, 
we found that patients in the general population did not remain at home when 
they suffered from coronary thrombosis but availed themselves of the socialized 
medical wards in the large city hospitals. 


TABLE IV 


A. Physical Activity and Serum Cholesterol 


MEAN SERUM CHOLESTEROL CON- 
WORK CENTRATION (MG. %) 
CATEGORY SAMPLE 


AGE 50 


(Very heavy | Steel workers 

| Moderate Firemen 

Naples Sedentary Clerks 
_Sedentary Rotary Club 


Bologna Moderate Policemen 
Minnesota Sedentary White-collar workers 


B. Dietary Comparisons of Naples and Minnesota* 


NAPLES MINNESOTA 


Calories 3,010 2,980 
Proteins (Gm.) 97 92 
Proteins (per cent of all calories) 13 12 
Total fats (Gm.) 65 140 
Total fats (per cent of all calories) 20 42 


*The data for Italy and the United States are from the Food and Agriculture Organization's 
estimates for 1949, revised 1952, and from the United States Department of Agriculture, September, 
1950. The data from Naples pertain to the fire department rations, supplemented by individual in- 
terviews in 1952. The data for Minnesota are from United States Food Consumption Surveys, and 
pertain to Minneapolis and St. Paul in the winter, spring, and fall of 1948. Note that the values for 
Naples are for the firemen (adults), while all others are per capita of total population. 


In order to discover the prevalence of coronary thrombosis and myocardial 
infarction in the general population of Naples, we made ward rounds on a number 
of occasions in several city hospitals. For the practical purposes of later compari- 
sons we concentrated on all patients in the open wards who were 40 to 70 years 
old, and we carefully checked by history, examination, and electrocardiogram 
those individuals who were thought to have coronary heart disease. Then we 
went to Bologna and did the same thing there. 


AGE 25 
131.0+ 4.8 161.3 = 3.4 
133.7 + 3.8 180.3 + 3.2 
136.0 + 8.9 173.3 = 5.8 
190 
210 
225 
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In the spring of 1955, we repeated these studies in Sardinia, which has a 
somewhat isolated island population, and our findings closely resembled those of 
the year before in Naples, except that we found too few well-to-do inhabitants 
for any comparable comparison in that group. 


TABLE V. TotraL MEDICAL WARD MALE CASES AND MALE PATIENTS WITH CORONARY HEART 
DISEASE IN NAPLES, SARDINIA, BOLOGNA, LUND (SWEDEN), BOSTON, AND TWIN CITIES 
(U.S.A.). AGED 40 to 70 YEARS 


CORONARY 
CASES PER CENT 


Naples, Italy 

Sardinia 

Bologna, Italy 

Lund, Sweden 

Boston, U.S.A. (all racial origins) 
Boston, U.S.A. (Italian origin) 

Twin Cities, U.S.A. 

Minneapolis, U.S.A. (Veterans Hospital) 


TABLE VI, A.—MEAN ToTAL CONCENTRATION OF CHOLESTEROL (MG. PER 100 ML. or SERUM) 
Wit AGE IN ITALIAN MEN STUDIED IN NAPLES* AND IN BOSTON 


BOSTON NAPLES 


AGE IN YEARS CHOLESTEROL | AGE IN YEARS CHOLESTEROLT 


NO. | RANGE | MEAN -D. tAN | -D. NO. | RANGE | MEAN 


20-34 | 27. 9 175.4 | 32.49 
3 | 35- 54 | | 42. | 193.4 | 31.9% 


49 
| 
| 
| 


184.7 | 33.2% 
| 


71 20-34 
118 35-50 


1 3.5% | 227.7 | 31.7% 
139 | 2 20- 20-50 | 37.2 | 7.3% | 239.2 | 42.4% 


42.1 | 3. 8% | 246.6 | 43.5% 


*Data taken from Page 331, A.M.A. Arch. Int. Med., 93:328-336, 1954. 
t+tCholesterol values were corrected by a factor of 0.836 to account for difference in the cholesterol 
method then used, according to Clin. Chem., 1:34, 1955. 


TABLE VI, B.—CoMPARATIVE Foop CoNsuUMPTION DATA 


ITALIAN | NEAPOLITAN U.S. A. 
NATIONAL* | FIREMEN* 1. S.A. ITALIANS 


Protein (Gm.) 

Per cent Protein Calories | 

Fat (Gm.) 

Per cent Fat Calories 


*Data taken from A.M.A. Arch Int. Med., 93:328-336, 1954. 
+Data# compiled from Consumption of Food in the United States, 1909-1952, Agriculture Handbook 62, 
September, 1953, U. S. Department of Agriculture. 


) 
LOCATION CASES 
239 7 2 
76 4 5 
157 14 8 
91 12 13 
166 30 18 
212 39 18 
234 61 26 
150 45 30 
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Tas_e VII, A.—COoOMPARISON OF DIETARY INTAKE OF FAT AND THE SERUM CHOLESTEROL 
(Beta LipopROTEIN) CONTENT IN MINERS AND Doctors IN FUKUOKA, JAPAN, IN J APANESE 
LABORERS IN HAWAII, AND IN JAPANESE WORKMEN IN CALIFORNIA? 


FAT INTAKE 


%) 


SUBJECTS 


Miners (Fukuoka) 
Doctors (Fukuoka) 22 152 
Laborers (Hawaii) 32 178 
Workmen (California ) 


TABLE VII, B.—MEAN ALPHA AND BETA LIPOPROTEIN-CHOLESTEROL CONCENTRATIONS IN THE 
BLoop SERUM OF SEDENTARY JAPANESE MEN, AGED 40 To 49, MATCHED AS TO RELATIVE 
FATNESS: ALSO AVERAGE PERCENTAGE OF CALORIES PROVIDED BY FATS IN THE DIETS 

OF THESE SAME MEN? 


FAT CALORIES SERUM CHOLESTEROL 
PLACE (%) 


Honolulu 
Los Angeles 


TABLE VIII, A.—SumMMary oF HospITAL PATIENTS AND OF PATIENTS WITH CORONARY HEART 
DISEASE IN KyusHu UNIVERSITY MEDICAL CLINICS, FUKUOKA, JAPAN, AND IN THE KUAKINI 
HospiItaL, HONOLULU, HAwarl. (AGED 40 To 70 YEARS) 


MEDICAL CASES 


Kyushu University (1955) | 1,136 | 680 1,816 8 3 11 0.6 
Kuakini Hospital (1955) | 273 | 239 | 512 


TABLE VIII, B.—EXPERIENCE WITH JAPANESE PATIENTS OF THREE PRIVATE CLINICS IN JAPAN, 
AND THREE IN HAWAII DURING THE MONTH OF Marcu, 1956* 


NUMBER OF PATIENTS SEEN 


TOTAL HYPERTENSIVE CORONARY 


50 34 


Honolulu 433 
38 1 


Fukuoka 


Dr. B. Bronte-Stewart and Dr. Paul D. White. 


*Data collected by 


SERUM CHOLESTEROL 

(mG. %) 

Shime 13 | 40.3 120.3 

0 

7 
CORONARY CASES 

M F TOTAL M F TOTAL q 
| 
2 
PLACE 
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Finally, when I returned to Boston, I took the opportunity to check with 
my medical associates at home, and through the kindness of authorities at the 
Boston City Hospital, I had access to two groups of patients, one consisting of 
open-ward medical cases of all racial origins, aged 40 to 70 years, and the other 
of open-ward medical cases of first or second generation Italian males of the same 
age. Meanwhile, similar clinical series were analyzed in the Twin Cities (Min- 
neapolis and St. Paul) in the U.S.A., and in the city of Lund in Sweden. The 
results of these analyses are shown in Table V. From the table it is evident that 
the populations of Bologna and Lund hold intermediate positions between the 
general populations of Naples and Sardinia and both the mixed and Italian 
populations in America. 

We recognized, of course, as we have stated above, that other environmental 
factors besides fat in the diet may well play a role in the genesis of serious coronary 
atherosclerosis, and that heredity too must be a potent factor, but there seemed to 
be less difference in such factors between the ways of life of the average Neapolitan 
at home and those of the average American, whether or not of Italian ancestry, 
except in the amount of physical exercise. Such factors include, besides diet and 
exercise, emotional ‘‘stress and strain,’’ use of tobacco and alcohol, local customs 
such as the use of “‘leisure’’ time, climate, and X (not yet identified). Much 
additional study of these other factors, as well as of diet and exercise, must 
be carried out in order to draw final conclusions. 

Also in Boston, Dr. Stare, Dr. Trulson, expert in dietary studies, Dr. 
McCann, Dr. Miller, and I carried out a study of 200 healthy males whose 
parents had come from southern Italy (in the neighborhood of Naples) or who 
had been born there and had come to the U.S.A. as young children. This study 
included family, medical, and dietary histories, physical examinations, electro- 
cardiograms, and determinations of serum cholesterol. Some of the results of 
this study are shown in Tables VI, A and VI, B, which also present comparable 
figures from the Neapolitan investigation already referred to. 

In 1956, Dr. Keys and his wife, who is an expert biochemist and has helped 
greatly in his researches, Dr. Bronte-Stewart, of Cape Town, South Africa, 
and I, with the invaluable assistance of Professor Noboru Kimura and his as- 
sociates of Kyushu University, Fukuoka, Japan, and Dr. Nils Paul Larsen, of 
Honolulu, Hawaii, made a study, like those in Italy, of three groups of Japanese: 
424 Japanese living in southern Japan (in particular, comparing 156 coal miners 
with 54 physicians); 143 southern Japanese who had migrated 20 to 30 years 
earlier to work in Hawaii; and 45 Japanese (Nisei) living in California. Some of 
the results are summarized in Table VII, Aand B. It is seen that the coal miners 
had less fat in their diet and less cholesterol in their blood than did the doctors 
in Japan, while the Japanese in Hawaii and California had more of each than 
did their former fellow citizens in Japan. 

While we were in Japan, we made statistical analyses of coronary thrombosis 
in various cities there. Coronary thrombosis is more common in Tokyo and in 
‘\yoto than farther south in Fukuoka, but it is everywhere much less common 
than in the U.S.A., although increasing steadily in prevalence (at least statisti- 
cally). As we had done two years earlier in Naples, we consulted in Fukuoka 
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the professors of Kyushu University and visited their wards, and in Honolulu 
we made observations at the Kuakini Hospital, where many Japanese are taken 
care of. We found that the Japanese in the Kuakini Hospital had more coronary 
thrombosis and at younger ages than did the Japanese in Fukuoka. Of 1,136 
men aged 40 to 70 in the medical wards of the Kyushu University Hospital, 
during the year 1955, only 8, or less than 1 per cent (0.7 per cent), had myocardial 
infarcts,* while among 273 Japanese men of the same age distribution in the 
Kuakini Hospital, during the year 1955, there were 18 cases of myocardial infarc- 
tion, or 6.6 per cent. The average diet of the Japanese men in Fukuoka contained 
1,994 calories, with 7 per cent thereof in fat (consisting almost entirely of vege- 
table oil); in Honolulu the diet was much richer in fat and included animal fat. 
Table VIII, A presents some of our findings. In Japan, we went also to a com- 
munity hospital and a miners’ hospital and visited the offices and clinics of sev- 
eral private practitioners in order to find out if there were any or many patients 
with coronary heart disease being taken care of outside the large general hos- 
pitals. We found that such cases were rare in the practice of any one physician 
(Table VIII, B). We did the same thing in Hawaii, where many more Japanese 
patients with coronary thrombosis were being seen in private practice than was 
the case in Japan. 

Finally, in the fall of 1957, I again joined Ancel Keys and his group of phys- 
iological and biochemical investigators in studies of two groups of men aged 
45 to 65 years, who comprised 96 to 97 per cent of the male population of that 
age group in two towns, Nicotera, on the edge of Calabria in the toe of Italy, 
and Castelli, in the middle of Crete (southeast of Herakleion), where in each case 
the chief industry was the manufacture of olive oil; very little animal fat was 
ingested in these locales. There was no malnutrition in either town, nor was 
there any appreciable obesity. Dietary studies revealed that the total fat content 
made up from 32 to 38 per cent of the total calories in Crete, and three fourths 
of this fat was in the form of olive oil. In the Nicotera area the diet was also 
quite high in olive oil, but the total fat content was somewhat less than that in 
Crete. Measurements of the serum cholesterol gave average figures of 180 mg. 
per cent for Nicotera, and 199 mg. for Crete, as compared with 165 mg. for Naples. 
Twelve-lead electrocardiograms of 598 men aged 45 to 65 years in Nicotera showed 
clear-cut evidence of myocardial infarction in only 4 (0.6 per cent). In Crete, 
electrocardiograms of 657 men aged 45 to 65 years showed clear-cut evidence of 
old myocardial infarction in only 2 (0.3 per cent). For comparison, in Framing- 
ham, Massachusetts, of 864 males aged 45 to 60 years, 6 (1 per cent) showed clear 
electrocardiographic evidence of myocardial infarction. 

Also, several of us visited the hospitals in the vicinity of both Nicotera and 
Castelli and found extremely few cases of coronary heart disease in the wards 
In both places I met with the physicians of the area and, except for one specialist 
in Herakleion, the doctors all emphasized the rarity of treating cases of coronary) 
thrombosis or even of angina pectoris. The cardiologist in Herakleion (the chie! 
center of the north coast of Crete, and about 35 miles from Castelli) reported 


*Statistics through the courtesy of Professor Kimura. 
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to me the details of his recent experience with cardiac patients. Among 528 
“cardiac’’ patients examined by him in 1956 and 1957, he found only 30 cases 
of myocardial infarction, while hypertensives numbered 281, rheumatics 168, cor 
pulmonale cases 39, congenital cardiacs 7, and syphilitic cardiacs 3. Thus, there 
was only a small number of cases of coronary thrombosis in the series (actually 
6 per cent as compared with at least five times that number in Boston). 

Thus, whatever other environmental factors or agents may play a major 
or a minor role in serious atherogenesis of the coronary arteries and probably 
also of the aorta and cerebral arteries and in the production of coronary thrombosis 
with or without myocardial infarction, it would appear from my personal ex- 
perience in population studies during the last few years that, given the hereditary 
candidate or host for the disease, the diet, in particular the fat in the diet, is 
probably of considerable importance. It has also become obvious that the details 
of the diet, including the kind of fat, the total calories, and the protein content, 
requires much more intensive study. It does not yet appear that race itself is of 
great significance, but it is certain that sex is. The disease is not simply a matter 
of an aging process. The place of physical exercise, of work, of emotional stress 
and strain, of tobacco and alcohol, and of possible or probable X factors (not 
yet identified) must be thoroughly investigated in the years to come, both in 
experimental animals, especially in primates, and in man himself. Our recent 
success in enlisting a very high proportion of the members of certain ages of 
populations to volunteer for such studies is very encouraging, as is the whole- 
hearted cooperation of international experts in physiology, biochemistry, nutri- 
tion, and cardiology working as teams in various parts of the world. Such pioneer- 
ing in the field needs the full moral and material support of doctors and laymen 
alike all over the world in order to meet the present serious challenge to the life 
and health of the leaders in business, the professions, the arts, science, and govern- 
ment in all countries. I am optimistic about the future control of coronary heart 
disease, at least in youth and middle age, if our current research develops 
adequately. 
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Transmembrane Electrical Potentials in Ventricular 
Tachycardia and Fibrillation 


Charles E. Hogancamp, M.D., Milton Kardesch, M.D., William H. Danforth, M.D., 
and Richard J. Bing, M.D., St. Louis, Mo. 


Excitation patterns during cardiac arrhythmias have been studied repeatedly 
by the use of the electrocardiogram and the surface electrogram. Since the 
advent of the micropuncture technique of Ling and Gerard,! it has been possible 
to extend this type of study to individual myocardial fibers. This paper will 
report observations on the electrical and mechanical events which follow the 
initiation of ventricular tachycardia and ventricular fibrillation in the guinea 
pig heart. In addition, an attempt will be made to relate electrical and mechanical 
activity in alternation of the heart. 


MATERIALS AND METHODS 


Guinea pigs were anesthetized with pentobarbital (100 mg./Kg.). The hearts were quickly 
removed and Stannius’ ligatures were placed about the atrioventricular grooves. The hearts 
were then placed in a lucite chamber of 150-milliliter capacity surrounded by a thermostatically 
controlled water bath. They were bathed in Tyrode’s solution constantly gassed by a mixture of 
95 per cent oxygen and 5 per cent carbon dioxide passed through a gas disperser. This composi- 
tion of gas imparted a pH of 7.4 to the bathing fluid. The bathing fluid temperature was kept 
constant at 38° C. Fig. 1 illustrates the experimental system. 

Transmembrane resting and action potentials were recorded by a modification of the tech- 
nique of Ling and Gerard.! Glass microelectrodes with tips of 0.5 to 1 micron in diameter were 
prepared by use of the instrument designed by Alexander and Nastuk.? The electrodes were 
filled with 3M KCI by boiling, followed by cooling in a vacuum chamber. Electrodes with resist- 
ances of 10 to 30 megohms were employed. A platinum wire was led from the interior of the 
electrode, by means of a short input grid lead, to an adjacent cathode follower tube (RCA 1620) 
with a small grid current (10-" A). A micromanipulator supported both the electrode and the 
cathode follower to permit simultaneous movements. A chlorided silver wire connected to the 
ground served as the reference potential. Voltages were led from the cathode follower through 
a conventional D.C. amplifier to a DuMont 322A dual-beam cathode-ray oscillograph. Voltage 
calibrations were made by the use of an A.C. power supply system which produced peak-to-peak 
potential differences of the desired magnitude. The deflections were linear with voltages over the 
range of 10 to 100 millivolts. 
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In the experiments utilizing only one microelectrode, one beam on the oscillograph served as 
. zero reference potential. When recordings were made by the use of two microelectrodes, prior 
b \se-line levels were photographed as they were superimposed on the gridded oscillographic screen. 
Contractions of the heart were recorded by the use of a small Statham strain gauge (No. 147) 
attached to the ventricular apex. 

Electrical potentials were recorded from multiple superficial ventricular cells in each prepara- 
tion. A sudden drop in potential evidenced entry into a fiber. Contraction of the heart was occa- 
sionally sufficiently vigorous to break the electrode tip or to dislodge it from the cell interior. 
This disadvantage was overcome with stabilization of a portion of the muscle by resting a wire 
loop lightly on the surface and performing the fiber penetrations within the enclosed area. 

After preliminary observations and recordings of intracellular resting and action potentials 
and of ventricular contractions in the spontaneously beating or electrically driven ventricles, 
arrhythmias were produced by the application of a few crystals of aconitine to the heart surface. 

Experiments were performed with a total of 60 hearts. Of these, 31 were studied with a 
single microelectrode alone. In 22 preparations mechanical contractions were recorded in ad- 
dition to measurements of transmembrane potentials with one microelectrode. In 7 hearts two 


microelectrodes were employed. 
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Fig. 1.—Schematic representation of the experimental system. 


RESULTS 


After the application of aconitine to the ventricle there was usually a latent 
period of from 2 to 7 minutes, followed by a period of ventricular tachycardia 
lasting from 3 to 10 minutes. At the time of transition from ventricular tachy- 
ardia to a disorganized rhythm, two to five mechanically asynchronous areas 
could be observed through a dissecting microscope. Within the following few 
minutes, more fractionation of mechanical activity became evident. How- 
ver, the extreme tremulous incoordination seen in larger mammalian hearts 
vith ventricular fibrillation was not assumed by the guinea pig ventricle. 
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250 MSEC 


Fig. 2.—Simultaneous recording of action potentials from two ventricular fibers of an electrically stimu- 
lated guinea pig heart. 


250 MSEC. 


Fig. 3.—Intracellular action potentials from guinea pig ventricle electrically stimulated. The top 
illustration demonstrates action potentials of a single fiber. On the bottom is a mechanogram. The up- 


stroke indicates ventricular contraction. 


250 MSEC 


Fig. 4.—Ventricular tachycardia at a rate of 390 beats per minute. Action potentials and mechanogram 
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Normal Membrane Resting and Action Potentials of Guinea Pig Ventricular 
Fibers.—Figs. 2 and 3 illustrate transmembrane potentials of fibers in the elec- 
trically stimulated ventricle. Noteworthy is the absence of an initial phase of 
rapid repolarization. A definite phase of slow repolarization (the plateau) is 
followed by a period of faster repolarization, during which reconstitution of the 
membrane resting potential occurs. The average value of the resting potential 
was found to be 57 millivolts. Overshoot values averaged 15 mv., resulting in 
an average action potential amplitude of 72 mv. This magnitude of resting 
potential is somewhat higher than that found by Johnson,* who reported a value 


of 52.8 mv. 


250 MSEC. 


Fig. 5.—Prominent electrical alternation in a single ventricular fiber. Slight but definite mechanical 


alternation is present. 
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Fig. 6.— Mechanical alternation without an associated single fiber electrical alternation. 


Membrane Potentials in Ventricular Tachycardia.—In 37 of the 60 hearts 
there was a recognizable period of ventricular tachycardia. This was evanescent 
in a few, lasting only 30 to 60 seconds; however, in most preparations this rhythm 
persisted 3 to 10 minutes prior to its transition into ventricular fibrillation. 
Neart rates in individual experiments ranged between 260 and 390 beats per 
minute. Fig. 4 demonstrates intracellular action potentials and a mechanogram 
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from a heart with an extremely fast rate (390 per minute). The action potential 
duration has shortened to 70 milliseconds from the original 200 milliseconds 
obtained during electrical stimulation. 

Alternation in the height of action potentials was observed in 20 of 37 hearis 
which exhibited ventricular tachycardia. The amplitude of the alternating action 
potential varied from fiber to fiber, and in some cases the amplitude was in- 
sufficient to reach the zero reference potential. Electrical alternation was a very 
transitory phenomenon in this type of preparation and usually presaged the 
onset of ventricular fibrillation. Because of the short duration of alternation, 
exploration of multiple cells was accomplished as quickly as possible. In a se- 


250 MSEC 


Fig. 7.—A, Action potentials at the beginning of ventricular fibrillation. The straight line repre- 
sents the zero reference potential. 8B, Ventricular fibrillation. Small rapid oscillations at the rate of 
900 per minute probably represent electrotonic currents from an adjacent focus of rapid impulse forma- 
tion. 
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Fig. 8.—Membrane electrical potentials (top) and mechanogram (bottom) in ventricular fibrillation 
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quence of fiber penetrations, electrical alternation could be recorded from one 
third to two thirds of the cells. In the remainder of the cells, however, regular 
action potentials were still present. Alternation of amplitude was the predom- 
inant change seen, although an accompanying change in the contour of the 
repolarization limb was frequently observed. 

Alternation in the strength of ventricular contraction was seen several times, 
with and without electrical alternans (Figs. 5 and 6). Mechanical alternation 
and single fiber electrical alternation are both evident in Fig. 5. It is of interest 
that in the experiments employing both a microelectrode and a strain gauge, 
electrical alternans was never recorded in the absence of an associated mechanical 
alternans. The relationship appeared to be concordant in all cases; that is, the 
lesser action potential was associated with the weaker ventricular contraction. 

Ventricular Fibrillation.—In 23 of the 60 preparations ventricular fibrillation 
was the initial arrhythmia. In the remainder it was preceded by ventricular 
tachycardia. In either case the recorded action potentials exhibited irregularity 
and incomplete depolarizations. Fig. 7,A illustrates action potentials recorded 
at the beginning of ventricular fibrillation. With the passage of time (5 to 15 
minutes) and the fractionation of mechanical activity there could frequently 
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Fig. 9.—Ventricular fibrillation. Electrical activity recorded from two fibers in close proximity (less 
than 1 mm.). 
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Fig. 10.—Ventricular fibrillation. Electrical activity recorded from two fibers 1 cm. apart. 
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be recorded very rapid oscillations of electrical activity with interspersed action 
potentials (Fig. 7,B). In Fig. 8, measurable mechanical activity has practically 
ceased and the action potentials are irregular and variable in amplitude and in 
duration. Figs. 9 and 10 represent simultaneous recordings by two microelec- 
trodes. When fiber penetrations were performed a short distance apart, an 
element of synchronism of action potentials was found to exist. With increased 
distances between the microelectrodes, less and less synchronism was present. 


DISCUSSION 

The difficulty in causing ventricular fibrillation in small mammalian hearts 
is well recognized. In our hands the use of aconitine served as the only uniformly 
successful method of inducing this arrhythmia in the guinea pig ventricle. It 
is recognized that aconitine-induced fibrillation may not be the same as its 
counterpart in clinical situations; however, it seems more likely that aconitine- 
induced ventricular irregularities differ little from those instituted by other means. 
In support of this assumption Sano and his co-workers® found no difference in 
transmembrane action potentials in ventricular fibrillation produced by either 


aconitine or electrical stimulation. 

The observations reported in this paper indicate that when aconitine-induced 
ventricular fibrillation begins in the guinea pig heart, the action potentials are 
only slightly irregular, with little change in amplitude. A greater degree of ir- 
regularity and more action potentials of small amplitude ensue in a few minutes. 


The observation that some element of synchronism exists between action poten- 
tials and neighboring fibers is different from that in the dog ventricle as reported 
by Sano and associates,’ who found, except in very early fibrillation, no similarity 
in configuration between action potentials from two variously distant points. 
Their findings, in contrast to results reported in this paper, supported the concept 
of total incoordination of muscle fibers in ventricular fibrillation. The reason 
for this difference may be the closer positioning of the two microelectrodes in the 
experiments reported here. When the points were less than 1 mm. apart, a degree 
of synchronism was present. On the other hand, the difference in experimental 
results might be explained by a species variation. 

The presence of electrical alternans in individual myocardial fibers bears 
some comment. The relationship between mechanical and electrical alternans 
has never been clear. One frequently exists without the other.*-* In fact, a 
small pulse beat may be associated with a large R wave on the electrocardiogram.’ 
Nonetheless, the two forms of alternans occur in similar situations. It has been 
thought that perhaps the reason for the divergence may be due to a recording 
method or device strategically situated to measure one event only. 

In the experiments reported in the present paper, mechanical alternans was 
always present when electrical alternans was recorded. The weaker contraction 
was associated with the smaller action potential. However, mechanical alterna- 
tion occasionally occurred without demonstrable alternans in the single fiber 
electrode. It is tempting to speculate that alternation in action potentials would 
have been present had it been possible to record a sufficient number of myocardial 
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fibers. In view of the fact that, in general, changes in the state of the contractile 
elements do not appear to influence the height of the membrane action potential,‘ 
it seems more likely that changes in the action potential were primary and changes 
in mechanical contraction were secondary, than that the reverse was true. 

There is no a priori reason for assuming that alternation has the same under- 
lying mechanism in each situation in which it occurs. It is found with different 
clinical situations: congestive heart failure associated with a diseased myocar- 
dium, tachycardias, either atrial or ventricular, and for a few cycles following 
an extrasystole or dropped beat. Alternans in the last two situations does not 
carry the same grave prognosis as it does in the diseased heart.'® The possible 
difference in underlying mechanism must be kept in mind when considering ex- 
perimental data. 

Kleinfeld and his associates! produced alternation of the action potential in 
the frog heart by the use of triiodothyronine. They were able to produce four 
distinct types of alternation: (1) alternation in the rate of depolarization, (2) 
alternation of repolarization, (3) alternation in the magnitude of the membrane 
action potential, and (4) alternation of hyperpolarization. These patterns of 
alternation apparently were not dependent on rate. Alternation in the electro- 
cardiogram paralleled changes in the membrane action potential. Hoffman and 
Suckling,” using the microelectrode technique, found regular alternation in the 
shape of the repolarization curve at very rapid rates in the dog papillary muscle, 
but no changes in the height of the membrane action potential. Only at very 
rapid rates did small decreases in magnitude of the membrane resting potential 
and of the height of the action potential take place. These authors did not feel 
that the decrease in resting or action potentials occurred because of a cycle length 
so short that depolarization occurred before repolarization had been completed. 
Changes in the rate of repolarization of every other beat also occurred for several 
cycles following an extrasystole. 

The present study shows alternation in the action potential occurring with 
marked tachycardia during the prefibrillatory stage. In contrast to the findings 
of Hoffman and Suckling,” the height of depolarization as well as the rate of 
repolarization changed. Also in contrast to the findings of these authors, depolari- 
zation of the smaller action potential frequently seemed to occur before repolariza- 
tion of the larger had terminated (Fig. 5). If this is indeed the case, the dimin- 
ished action potential and less forceful contractions were not surprising, because 
the membrane was still in the relative refractory stage. 

Alternation in the height and configuration of the action potential was not 
observed in all cells of any preparation studied but was present in only one third 
to two thirds of the cells punctured in any single heart. Fibers showing alterna- 
tion were not grouped but were scattered widely throughout the ventricle. Each 
hber from which electrical events were recorded showed action potentials with 
every beat. Therefore it isunlikely that some myocardial cells take part in every 
second beat only and are refractory during the alternate cycle, a concept which 
has been widely held in various forms since 1882."*-!® Rather, in this preparation 
electrical and mechanical alternation appeared to be related to behavior of in- 
dividual fiber membranes and contractile elements. 
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SUMMARY 


Ventricular tachycardia and fibrillation have been induced in the intaci 
ventricle of the guinea pig by the use of aconitine. The micropuncture technique 
was used to record single fiber electrical activity. 

Ventricular fibrillation was characterized by irregular action potentials ot! 
varying amplitude. Simultaneous recording of electrical activity from two fibers 
on the ventricular surface revealed partial synchronism of action potentials when 
the fibers were in close proximity. The synchronism was not evident when the 
explored fibers were at a distance. The disorganization of guinea pig ventricular 
fibers during fibrillation was not total. 

Single fiber electrical alternans was frequently observed during ventricular 
tachycardia and was associated with mechanical alternans. Mechanical alternans 
was seen occasionally without demonstrable single fiber electrical alternans. It 
is suggested that in this circumstance the appropriate fibers were not selected 
for microelectrode penetration, since it was found that all cells did not participate 
in electrical alternation in any one preparation. It would appear, therefore, that 
alternation of the heart, both electrical and mechanical, may be related to al- 
ternate variations in behavior of individual fiber membrane and contractile 
elements. 
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A Phonocardiographic Study of the Apical Diastolic Murmurs in Pure 


Mitral Insufficiency 


Theodore F. Hubbard, M.D., F. Lowell Dunn, M.D., and D. D. Neis, M.D. 
Omaha, Neb. 


This study was undertaken to examine systematically the phonocardio- 
graphic characteristics of the apical diastolic murmurs and sounds observed in 
a group of patients with pure mitral insufficiency. An attempt is made to char- 
acterize the auscultatory and phonocardiographic features of these murmurs 
which differentiate them from the murmurs of organic mitral stenosis, and by 
correlation with other physiologic events in the cardiac cycle to present evidence 
concerning their mode of production. 


MATERIALS AND METHODS 


This study was based upon phonocardiographic and other physiologic studies of 18 patients 
with isolated high-grade pure mitral insufficiency who were selected for having auscultatory or 
phonocardiographic apical diastolic murmurs. In addition to the usual clinical studies the degree 
of mitral insufficiency was assessed either by the dye-dilution method of Korner and Shillingford' 
or by our own modification of this technique.2. The volume of regurgitation in this group of 
patients ranged from 40 to 80 per cent of the left ventricular output. The absence of organic 
mitral stenosis was established in 10 of the patients by direct left atrial and ventricular pressure 
measurements obtained either by left heart catheterization or at the time of mitral valve surgery. 
The absence of mitral stenosis was indicated by the absence of an atrioventricular pressure gradient 
during diastasis. A small gradient often developed during the peak of rapid ventricular filling, 
and in the patients with the highest grades of mitral insufficiency the ventricular pressure would 
often show a steep rise and ‘‘overshoot”’ the atrial pressure or exhibit a few oscillations about the 
atrial pressure wave at the termination of rapid filling. A small atrioventricular gradient fre- 
quently developed during atrial contraction in the patients who had sinus mechanisms. The 
remaining 8 patients were considered to have no mitral stenosis on the basis of the finding of mitral 
orifices of at least 4 cm. in greatest diameter at the time of surgical exploration or at autopsy. 
Patients with other associated valvular lesions were excluded. Sixteen patients had atrial fibril- 
lation at the time of study; 2 had sinus mechanisms with first and second degree atrioventricular 
block. 

All patients had one or more phonocardiographic studies with a Sanborn Twin-Beam phono- 
cardiograph, recording from the apex and at at least one other position on the precordium. The 
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phonocardiograms were recorded with both bell and diaphragm and with stethoscopic and logar- 
ithmic amplification at paper speeds of 75 mm. per second. The phonocardiograms were recorded 
simultaneously with the electrocardiogram and piezoelectric apex cardiogram, and these wer: 
used for synchronization with recordings of left heart pressure. A more detailed study of the 
murmurs of a number of the patients was made by means of a specially constructed phonocardio 
graphic amplifier with a continuously variable selective band-pass filter. These phonocardiograms 
were recorded oscillographically at a paper speed of 200 mm. per second. 

Although there is no general agreement concerning the graphic definition of a heart sound as 
opposed to a murmur, for our purposes a diastolic sound was characterized as having dominant 
frequencies in the range of 15 to 75 cycles per second, and major oscillations lasting for less than 
0.10 second. 


Fig. 1.—Phonocardiograms recorded at the apex of a patient with severe mitral insufficiency. 
A, Recorded with filter at 200 cycles/sec. 3B, Recorded at 400 cycles/sec. In this case the regurgitant 
murmur has its onset between the muscular and valvular components of the first sound and its termina- 
tion after the second sound at the time of mitral opening and onset of the diastolic murmur. Sila: 
First (muscular) component of first heart sound. Sib: Valvular components of first heart sound. 
S2: Second heart sound. S38: Third heart sound. a: Component of regurgitant murmur between 
aortic valve closure and mitral opening. 06: Component of regurgitant murmur between onset of 
contraction of left ventricle and mitral closure. c: Early mid-diastolic murmur. 


THE MURMUR AND SOUNDS 


In 12 of the patients the high-frequency systolic murmur of mitral insuffi- 
ciency persisted from 0.03 to 0.10 second after the major components of the aortic 
second sound. This was best demonstrated by phonocardiograms utilizing a 
band-pass filter of from 200 to 400 cycles per second and recording at 200 mm. 
per second. With this type of recording it was often possible to demonstrate 
a short component of the mitral regurgitant murmur between the muscular and 
valvular components of the first heart sound (Figs. 1 and 2,D). 


The most consistent and characteristic diastolic murmur was a short mid- 
diastolic murmur with its major components corresponding in time to the rapid- 
filling phase of ventricular diastole (Fig. 2). It was of maximal intensity about 
the apex and had dominant frequencies in the range of 75 to 150 cycles per second. 
This murmur was present in all but one of the patients. In 12 of the patients 
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the murmur had its onset at the time of opening of the mitral valve, or shortly 
thereafter, reaching its maximum intensity at or shortly after the third sound 
and diminishing in intensity to a termination shortly after the end of rapid ven- 
tricular filling. The intensity pattern of the murmur when recorded at the 
appropriate frequency usually corresponded to a small atrioventricular pressure 
gradient developing during rapid filling (Fig. 3). Only with very short diastolic 
cycles would the murmur last throughout diastole. In one patient the rapid- 
filling murmur occurred as described above but without the development of 
an atrioventricular gradient during rapid filling. In 2 patients the murmur 
started with or just after the third sound. In both of these patients, tracings 
were recorded only with the Sanborn instrument. 


Fig. 2.—Phonocardiograms and piezoelectric cardiograms recorded from the apex in four patients 
with severe mitral insufficiency, showing the configurations of the diastolic murmurs. <A, Record from 
a patient with severe mitral insufficiency, utilizing the Sanborn phonocardiograph with microphone 
bell and logarithmic amplifier. B, Record from a patient with severe mitral insufliciency, utilizing 
microphone bell and logarithmic amplifier. C, Record from a patient with severe mitral insufficiency 
with a palpable early diastolic thrust just medial to the apex, obtained with diaphragm microphone 
and logarithmic amplifier. D and E, Apex phonocardiograms obtained, respectively, with filters at 
200-2,000 cycles/sec. and 50-2,000 cycles/sec., from a patient with severe mitral insufficienty. DM: 
Diastolic murmur. RF: Rapid-filling phase of apex cardiogram. P: Peak of rapid-filling wave in 
apex cardiogram. 


In 3 of the patients with the highest grades of mitral insufficiency it was 
possible on recording the phonocardiogram at 200 to 300 cycles per second with 
‘ast paper speed to separate the above-mentioned murmur into two or more 
components corresponding to the instantaneous atrioventricular pressure gradi- 
ents occurring during rapid ventricular filling (Fig. 4). The first component 
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starts with the opening of the mitral valve, reaches a peak at about the troug! 
of the ventricular pressure wave (point of maximal A-V pressure gradient), anc 
diminishes rapidly with the rapid rise in ventricular pressure. When the ven 
tricular pressure overshoots and rises transiently above the atrial pressure, « 
second short component of the murmur is inscribed. Finally, the ventricular 
pressure falls slightly below the atrial pressure for a brief period, and a sof 
final component of the murmur is inscribed. These findings suggest a transient 
period of diastolic ventriculo-atrial flow as the mechanism of the aforementioned 
second component, perhaps associated with closure of the valve as noted below. 
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Fig. 3.—The relationship of the apical heart sounds to the events in the cardiac cycle in a patient 
with severe mitral insufficiency. The left atrial, left ventricular, and aortic pressures have been re- 
drawn to simultaneous coordinates. The phonocardiogram is recorded logarithmically with microphone 
bell. Ao: Aortic pressure. L.V.: Left ventricular pressure. L.A.: Left atrial pressure. AVC: 
Aortic valve closure. MV0O: Mitral valve opening. MVC: Mitral valve closure. DM: Diastolic 
murmur. RF: Rapid-filling phase of ventricular diastole. D: Diastasis. 


In some of the other patients some of the cycles showed transient interruption 
or a decrease in intensity of the murmur just after the third sound, possibly due 
to a similar mechanism (Fig. 1,A). In 2 patients with sinus rhythm and first 
degree atrioventricular block, an atrial presystolic murmur started with the 
onset of atrial contraction and lasted until just before the first sound (Fig. 5). 

A third heart sound could be delineated in the stethoscopic or low-frequency 
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recording in 14 of the patients. This corresponded in timing to the trough of the 
ventricular pressure wave in early diastole and the peak of the rapid-filling wave 
of the apex cardiogram. In 4 of the patients a forceful, palpable impulse cor- 
responding to the third heart sound was present at or just within the apex. 
In 2 patients with prolongation of atrioventricular conduction, prominent atrial 
gallop sounds were present in late diastole, associated with presystolic murmurs. 
In the one of these patients who had had left heart catheterization the sound 
corresponded to the peak of the left atrial a wave. In 4 patients an additional 
sound occurred 0.05 to 0.07 second after the third heart sound, and was usually 
recorded with greatest amplitude medial to the apex or along the left sternal 
border (Fig. 6). In the 2 of these patients in whom left heart pressure measure- 
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Fig. 4.—Left heart pressures and apex phonocardiogram from a patient with severe mitral insuf- 
ficiency ; portions of the left atrial and ventricular pressures have been redrawn to simultaneous coordi- 
nates with the phonocardiogram. The phonocardiogram was recorded at 200 cycles/sec. A, Muscular 
component of first sound with onset of ventricular contraction. B, Valvular component of first sound 
with mitral closure. C, Aortic second sound. D, Regurgitant murmur ends and diastolic murmur 
begins at mitral opening. E, Onset of second component of diastolic murmur as atrial pressure rises 
above the ventricular pressure. F, Onset of third phase of diastolic murmur. G, End of rapid filling 
near termination of murmur. 


Fig. 5.—Phonocardiogram and apex cardiogram from a patient with pure mitral insufficiency and 
rolonged A-V conduction. The phonocardiogram is recorded logarithmically with microphone bell. 
‘he tracing shows a third heart sound, an atrial sound (S4), and a presystolic murmur. 
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ments were made this sound corresponded to the peak of the left ventricular 
pressure rise following the major dip in rapid filling as the ventricular pressure 
rose transiently above the atrial pressure. The murmur was usually interrupted 
at the time of this sound. An opening-snap sound could not be detected in any 
of these patients by auscultation, but a faint opening snap could be recorded in 
4 patients. 


Fig. 6.—A, Apex phonocardiogram from a patient with mitral insufficiency recorded at 200 cycles 
sec. B, C, and D, Phonocardiograms from a patient with mitral insufficiency recorded, respectively, 
from the apex, just medial to the apex, and at the lower left sternal margin. The phonocardiograms show 
a diastolic sound (83d) shortly after the third sound which is tentatively attributed to transient mitral 
closure. This sound is best recorded toward the left sternal border. 


DISCUSSION 


The diastolic sounds and murmurs described above correlate well with the 
apparent dynamics of atrioventricular filling in high-grade mitral insufficiency. 
In such a group of patients the very high atrioventricular flow rates during the 
phase of rapid filling would appear to be a major factor in the production of the 
short early mid-diastolic apical murmur. Since normal individuals during stren- 
uous exercise may have atrioventricular flows as high as some of those reported 
here without the development of diastolic murmurs, the factor of dilatation of the 
left atrium and left ventricle is probably equally important in the production 
of this murmur. Turbulence will occur at lower flow rates as the abruptness of 
taper of the channel to or from the atrioventricular orifice increases. In this 
study, 13 of the patients had roentgenologically estimated left atrial volumes in 
excess of 800 c.c. 

A component of this murmur was often due to the low-frequency vibrations 
of the third heart sound usually attributed to vibrations of the ventricular wall 
with its sudden distention early in rapid filling. The occurrence of this sound 
at or just before the onset of the rapid pressure rise in the left ventricle is com- 
patible with this idea. Another low-frequency component occurring about 0.04 
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vamber 2 


second after the third sound was observed in a few patients, and is tentatively 
ascribed to transient mitral valve closure occurring as the ventricular pressure 
rose transiently above the atrial. The latter phenomenon was also apparently 
responsible for occasional dimunition or interruption of the murmur during rapid 
filling, and perhaps for a short period of diastolic regurgitation. In the presence 
of very high-grade mitral insufficiency this steep rise and ‘‘overshoot”’ of the 
ventricular pressure is probably due to elastic recoil of the ventricular wall follow- 
ing its sudden distention by the large volume of atrioventricular flow. 


In the presence of prolonged A-V conduction a fourth sound and presystolic 
murmur occurred, with the development of an atrioventricular pressure gradient 
during atrial contraction. The development of turbulence during this period 
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Fiz. 7.—A, Apex phonocardiogram from a patient with pure mitral stenosis. B, Apex phonocardio- 
<ram from a patient with mitral stenosis and dynamically insignificant mitral insufficiency. C, Apex 
» honocardiogram from a patient with mitral stenosis and significant mitral insufficiency. The phono- 
‘ardiograms were recorded logarithmically with microphone bell. In the patient with significant mitral 
nsufficiency the diastolic murmur shows increased intensity during the phase of rapid filling. 
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is again probably related to dilatation of the left heart chambers, because suc! 
functional presystolic murmurs have been described in other circumstances 
associated with dilatation of the left heart chambers.‘ 

When recorded at appropriate frequencies the higher frequency systolic 
murmur of mitral regurgitation usually extended, with decreasing intensity, 
beyond the time of closure of the semilunar valves to the onset of the rapid-filling 
murmur with mitral opening. This was coincident with the decreasing ventriculo- 
atrial gradient through ‘isometric relaxation. 

Other circumstances associated with high left atrioventricular flow rates 
and varying degrees of dilatation of the left atrium and ventricle may be asso- 
ciated with murmurs of “relative’’ mitral stenosis, notably ventricular or aortic 
left-to-right shunts and active rheumatic myocarditis. Dilatation of the left 
heart chambers associated with coronary artery and hypertensive heart disease 
less commonly produces such murmurs. 

Luisada and others‘ have described certain features of the murmur of relative 
mitral stenosis which differentiate it from the murmur of organic mitral stenosis. 
The findings in this group of patients are similar with a few exceptions. In 
organic mitral stenosis there is usually after the second sound a silent interval 
of from 0.06 to 0.11 second, at which time the mitral opening-snap sound occurs. 
The murmur has its onset with this sound or a few hundredths of a seccnd there- 
after; there is then very gradual decrescendo until atrial contraction or mitral 
closure. If the stenosis is extremely mild or the diastolic period very long, the 
murmur may fade out before either of these events. Occasionally, the earlier 
vibrations may be of increased amplitude and simulate or actually be due to a 
third heart sound. When the latter occurs, it indicates minimal stenosis or signifi- 
cant associated valvular insufficiency. When the valve is rigid and inflexible, 
the opening-snap sound may disappear or be too soft to be detected by ausculta- 
tion. 

In relative stenosis due to severe mitral insufficiency the systolic murmur 
of mitral regurgitation usually continues with rapid decrescendo to or just before 
opening of the mitral valve. An opening-snap sound is not audible but can 
be recorded occasionally. Mitral opening generally occurs later than in mitral 
stenosis, but there is considerable variation in timing of this event in mitral 
insufficiency. With mitral opening the murmur increases rapidly to a peak of 
intensity at or shortly after the third sound. By auscultation the separation of 
the third sound from the murmur, or vice versa, may be difficult. The murmur 
then diminishes rapidly and terminates at about the time of the end of rapid 
filling, its total duration being from 0.16 to 0.24 second. Except in very short 
diastolic cycles or with early atrial contraction the murmur will disappear well 
before the sound of subsequent atrial contraction or the first sound. 

In the presence of sinus rhythm, mitral stenosis is usually associated with a 
presystolic murmur corresponding to an increasing atrioventricular pressure 
gradient during atrial contraction. This may occur also with pure mitral in- 
sufficiency with sinus rhythm, particularly if atrioventricular conduction is 
prolonged or if the diastolic interval is quite short. The other familiar character- 
istics of the heart sounds in organic mitral stenosis, such as prolongation of the 


\olume $7 APICAL DIASTOLIC MURMURS IN PURE MITRAL INSUFFICIENCY 231 
()-M, interval, the variability of this delay according to previous diastolic cycle 
length, and the snapping quality of M,, are not observed with relative mitral 
stenosis. When a significant degree of mitral insufficiency is associated with 
organic mitral stenosis, there is usually a prominent increase in the intensity 
of the diastolic murmur corresponding to the period of rapid ventricular filling. 
This phenomenon may be useful in assessing the dynamic importance of the 
associated murmurs of mitral insufficiency in the presence of organic mitral 
stenosis (Fig. 7). 


SUMMARY 


A phonocardiographic study was made of the apical diastolic murmurs and 
sounds encountered in a group of 18 patients with high-grade pure mitral in- 
sufficiency. The characteristic diastolic murmur occupied early mid-diastole 
and usually corresponded to a small atrioventricular pressure gradient developing 
during rapid ventricular filling. A protodiastolic third heart sound was usually 
present. In the presence of sinus rhythm with prolongation of atrioventricular 
conduction a presystolic gallop sound and presystolic murmur could be detected. 
In a few patients an additional low-frequency sound in rapid filling and a com- 
ponent of the diastolic murmur were thought to be due, respectively, to transient 
valve closure and diastolic mitral regurgitation. Some observations were made 
concerning the initial and terminal portions of the systolic murmur of mitral 
regurgitation. 
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The Passivity of the Pulmonary Vasculature in Hypoxia 


Simon Rodbard, M.D., Ph.D., and Michiyoshi Harasawa, M.D., D.Med. Sc.* 
Buffalo, N.Y. 


The mode of regulation of the pulmonary circulation has recently become 
the subject of intensive investigation. Some workers have held that pulmonary 
vessels, like the vessels of the systemic circulation, are capable of active vaso- 
constriction in response to hormonal, neurogenic, or even mechanical stimuli.'-® 
Others, noting the weak muscular development in the pulmonary arteries of 
various animals, including man, and the delayed pressure response to drugs, have 
questioned the significance of pulmonary vasomotion and have suggested that 
blood flow through the lungs takes place passively, being determined by the 
difference in the pumping action of the two ventricles.7"* Another concept has 
held that variable compression of the alveolar capillaries by intrapulmonary air 
pressure assists in the regulation of the pulmonary blood flow.® 

The vasoactive concept was supported by the report, in 1946, of von Euler 
and Liljestrand'® that in the cat, hypoxia produced an elevation of the mean 
pulmonary arterial pressure. This effect was not influenced by vagotomy or 
by extirpation of the stellate ganglia, suggesting that it was due to a local action 
of anoxia on the pulmonary vessels. These striking results were soon confirmed 
and extended."-" Others found that hypoxia in rabbits'*'” or dogs'*?* caused 
a rise in pulmonary arterial pressure; furthermore, it was reported that the cardiac 
output measured by the Fick principle remained unchanged or was decreased 
during the hypoxic episode. Similar data were reported for man.*°-** Some 
workers who used the Fick method*-*’ could not confirm these results. The 
overwhelming conclusions drawn, however, were that the pulmonary vascular 
resistance had increased as a result of hypoxia. 

Quantitative evaluation of vascular resistance must be based on simul- 
taneous measurements of the blood flow and pressure. In most of the above- 
mentioned studies the pulmonary blood flow was determined by the Fick prin- 
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ciple. This method requires a “steady state’ for at least the period of minutes 
necessary for the measurement of oxygen consumption. However, in acute, 
challenging conditions such as hypoxia, the possibility exists that readjustment 
and adaptation of the physiologic state may introduce serious errors into the 
Fick measurement. 

In the present investigation the effect of hypoxia on pulmonary vascular 
resistance has been studied, taking care to measure the moment-to-moment 
flow through the lungs, simultaneously with direct measurements of the systolic, 
mean, and diastolic pressures in both the pulmonary and the systemic arterial 
systems. The results challenge the concept that hypoxia produces pulmonary 
vasoconstriction. 


EXPERIMENTAL METHOD 


Observations were made in 15 dogs weighing 9 to 22 kilograms. Anesthesia was induced by 
intravenous pentobarbital sodium (30 mg./Kg.). After tracheotomy a single-lumen catheter was 
inserted into the trachea; in 10 animals Dale and Rahn’s double-lumen catheter*®* was introduced 
into one main bronchus in order to separate the ventilation of the two lungs. The lungs were 
ventilated with adjustable positive pressure, using the pneophore.* The thorax was opened and 
the fourth rib was removed to facilitate placement of the cannulas. Connective tissue surrounding 
the pulmonary arteries was cleared away, taking care to avoid sectioning of large nerve strands. 


R.LUNG PNEOPHORE 
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Fig. 1.—Scheme of method for direct measurement of pulmonary blood flow. Blood from the right 
atrium (RA) passed through the right ventricle (R V) to the pulmonary artery (PA) and thence through 
a flowmeter in each of the right (R) and left (LZ) branches to the intrapulmonary vessels. In some 
experiments each lung was ventilated separately via pneophore. The blood then passed through the 
right and left pulmonary veins (RPV and LPV) and the left atrium (LA) and ventricle (LV) to the 
aorta and systemic circulation. Pressures (P) were recorded by manometers. 


The cannulas of a rotameter were inserted into the two ends of the left main pulmonary artery 
(Fig. 1). Similar cannulation of the right pulmonary artery was then carried out. As a result of 
these interventions the blood flow through each lung could be recorded continuously in relatively 
intact animals. The sum of the instantaneous flows through the two flowmeters gave the total 
pulmonary blood flow, equal to the cardiac output. 

The lungs were ventilated at a rate of 16 to 25 per minute with positive pressure, using 95 
per cent oxygen and 5 per cent carbon dioxide during the control periods. Hypoxia and anoxia 
were produced by giving 10 per.cent oxygen in nitrogen, or by giving pure nitrogen. The air 
‘nsufflation pressure and the respiratory rate were maintained unchanged in each experiment. 


*Pneophore obtained from Mine Safety Appliance Co., Pittsburgh, Pa. 
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Heart rates and the pressures in the pulmonary and the carotid arteries were recorded con 
tinuously, using a Sanborn electromanometer and recorder. The oxygen and carbon-dioxid: 
contents were measured by the method of Van Slyke and Neill on blood samples drawn at interval 


from the carotid artery. 


RESULTS 


1. Basal Conditions—After completion of the preparation and cannulation 
the systemic arterial pressures averaged 95/56 mm. Hg and ranged from 120/70 
to 60/40; the pulmonary arterial pressure averaged 36/19 mm. Hg and ranged 
from 68/26 to 16/3, with a mean of 38/5. The right pulmonary blood flow aver- 
aged 0.73 L./min., ranging from 1.20 to 0.52 L., while the left pulmonary flow 
averaged 0.53 L./min., ranging from 0.96 to 0.22 L. During inspiratory insuffla- 
tion of the lungs the entire pulmonary arterial pressure tracing was seen to be 
elevated 2 to 3 mm. Hg, and this was accompanied by a momentary slight re- 
duction in flow through the lungs. No significant differences were observed in 
insufflation with air, pure oxygen, or 95 per cent oxygen with 5 per cent carbon 


dioxide. 
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Fig. 2.—Cuttings from a representative experiment. The pulmonary arterial pressure (Ppa) in 
mm. Hg is shown before, during, and after the induction of pure nitrogen breathing. The number 
above the pressure tracing is the systolic value, while that below the tracing is the diastolic value, 
and the number over the damped portion of the trace is the electronically integrated mean pressure. 
The diastolic pressure is unchanged although the systolic and mean pressures rise during the episode of 
hypoxia. The blood flow (Q) through each lung is given in liters per minute. The calculated resistance 
given in the lowest horizontal spaces, shows no change. 


2. Hypoxia.— 
a. Nitrogen breathing: Pure nitrogen was administered 15 times to both 


lungs in 10 experimental animals. In 10 trials on 5 animals, nitrogen was given 
for 1 to 2 minutes, followed by a return to the oxygen breathing. A typical 
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response is given in Fig. 2. At the end of 1 minute of nitrogen breathing, the 
oxygen content of the systemic arterial blood had decreased from 20 to 4 vol- 
umes per cent. In all cases the pulmonary systolic pressure increased progres- 
sively by 10 to 20 mm. Hg above the control values. The electronically inte- 
grated mean pulmonary pressure increased slightly with the increase in the sys- 
tolic pressure. However, the pulmonary diastolic pressure remained almost 
unchanged during the experiment. The systemic systolic and diastolic pressures 
increased progressively in all cases for the first few minutes of anoxia. These 
changes in pulmonary and systemic blood pressures were accompanied in every 
case by increases in pulmonary blood flow of 5 to 15 per cent. The onsets of the 
rises and the times of the peaks were almost simultaneous for pressure and for 
flow. 

Within 2 or 3 minutes after reinstitution of oxygen breathing, all pressures 
and flows returned to control levels. The heart rate decreased slightly during the 
anoxia test and returned to control values within a few minutes. 
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Fig. 3.—Effect of breathing 10 per cent oxygen, noted between the heavy arrows and the two 
vertical lines. The total flow (Q) is given in liters per minute. Pressures in the carotid artery (Pca) 
are given as systolic (S), mean (M), and diastolic (D) in mm. Hg. Similar conventions are used for the 
pulmonary arterial pressures (Ppa). The calculated resistances as mm. Hg/liter/minute are given as R. 
\lthough the pressures increased during the first few minutes of hypoxia, the pulmonary vascular re- 
sistance was unaffected. 


b. 10 per cent oxygen: A gas mixture consisting of 10 per cent oxygen and 
90 per cent nitrogen was tested for periods of 5 to 10 minutes 10 times in 7 experi- 
mental animals. Rises in pressures and flows similar to those noted above were 
/bserved, but these were less marked than those obtained with pure nitrogen 
Fig. 3). The pulmonary blood flow and systolic pressure increased slightly, 
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but the diastolic pressure remained relatively unchanged. Within a few minutes 
after return to oxygen or air breathing, all changes had returned to the control 
levels. 

3. Unilateral Nitrogen or 10 Per Cent Oxygen.—The possibility had to be 
considered that unilateral pulmonary hypoxia might show a vasoconstrictor 
effect, since under these circumstances the relative resistance to flow through 
the two lungs might become more evident in a redistribution of blood flow. Pure 
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Fig. 4.—Effect of unilateral breathing of nitrogen. Conventions asin Fig. 3. BP is carotid arterial 
pressure. The flow through the lung which was insufflated with nitrogen is noted as a solid line (No): 
the flow through the lung receiving pure oxygen is given as a dotted line (O2). Discussed in text. 
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Fig. 5.—Summary table of data. Arrows show the changes observed. In this table B. P., blood flow, 
and resistance represent the changes in the pulmonary system, 


nitrogen gas or a gas mixture containing 10 per cent oxygen and 90 per cent nitro- 
gen was administered to one lung 15 times in 10 experimental animals for periods 
of 5 to 10 minutes, while the other lung was ventilated with 95 per cent oxygen 
and 5 per cent carbon dioxide. Changes in pressures and flows occurred, but 
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these were not as marked as those noted above (Fig. 4). The administration of 
either of the hypoxic gas mixtures to one lung was followed within 1 to 2 minutes 
by very slight increases in pulmonary blood flow through both the anoxic and 
the oxygenated lung. The pulmonary diastolic pressure remained unchanged or 
decreased slightly. The heart rate slowed slightly. 

Within 2 or 3 minutes after a return to breathing 95 per cent oxygen with 
5 per cent carbon dioxide the flows and pressures had returned to control values, 
and sometimes the resistance showed slight but probably insignificant and in- 
consistent increases during this period. 


DISCUSSION 


The measurement of resistance to flow through the pulmonary vessels is 
fraught with difficulty. Prior to the development of the techniques of cardiac 
catheterization, only limited information could be obtained concerning the physi- 
ologic modifications in pressure and flow in the pulmonary vessels. The recent 
extensive explorations of the vessels of the thorax with catheter, needle, and dye, 
have provided considerable data concerning the hemodynamics of the lesser 
circulation. However, the necessary limitations in the available indirect methods 
for the measurement of the pulmonary blood flow have prevented clarification 
of the problem of the responsiveness to stimuli of the pulmonary vascular bed. 

Misinterpretation of the role of the pulmonary vessels can result from reli- 
ance solely on the pulmonary arterial pressure. This hazard is particularly 
notable when only mean pressures are recorded by mercury manometer, since 
this value is markedly affected by the systolic pressure, which in turn may reflect 
only an increase in stroke output. Both the systolic and the mean pressures 
can rise significantly, as our results show, without a change in the diastolic level. 
It can be stated that a rise in diastolic level during a steady state of flow may 
represent an increase in vascular resistance. 

The very low end-diastolic arterial pressure of the normal pulmonary cir- 
cuit approximates the pressure in the left atrium. At this time the flow is minimal. 
The sharp upstroke and rapid fall-off of the pulmonary arterial tracing suggests 
that a major portion of the blood flow through the lungs is completed during 
ventricular systole and early diastole, and that there is a significant part of the 
cardiac cycle when little or no flow takes place. This would suggest that a mean 
pressure value may introduce errors into the estimation of the vascular resistance. 

The occurrence of a rise in venous return, and thus in cardiac output, would 
tend to raise the pulmonary arterial pressure even if the vascular bed remained 
unaffected by the induction of anoxia. : 

The problem of vascular resistance in the pulmonary circuit is further com- 
plicated by the fact that at the normal low pressures of this system most of the 
flow through the lungs occurs during right ventricular systole and early diastole. 
During the latter part of diastole the pulmonary arterial pressure may be nearly 
at ambient levels, and little flow through the pulmonary capillaries takes place. 
it is apparent that calculations of resistance under these circumstances may 
lead to error, since these must presume a continuous action of the resistance 
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throughout the cardiac cycle. Obviously, if the flow is taking place only pari 
of the time, the resistance cannot be accurately gauged. In fact, the increased 
flow which sometimes takes place can occur during periods when the vascular 
bed is not in ‘‘use,”’ and calculations may even suggest a reduction in resistance, 
as can be seen in Fig. 4. Certain facets of this problem are discussed in a sepa 
rate communication. 

It is well established that within 30 seconds after the onset of breathing 
oxygen-poor mixtures the cardiac output increases as a result of the development 
of a generalized systemic peripheral vasodilatation.**-' Such an effect is seen in 
Figs. 2, 3, and 5. This effect must necessarily reduce confidence in the measure- 
ment of flow by methods which require a steady state. Thus, the significant 
increase in pulmonary blood flow shown in the present study indicates that the 
apparent pulmonary arteriolar vasoconstriction may actually represent only an 
increased blood flow, without response by the pulmonary vasculature. 

Similar results and analyses were obtained from the data when one lung 
was insufflated with nitrogen while the other was insufflated with a mixture of 
95 per cent oxygen and 5 per cent carbon dioxide. Under these circumstances, 
no significant deviations in the distribution of flow through the two lungs oc- 
curred, despite the fact that even slight changes in pulmonary vascular resistance 
might have been expected to shunt significant volumes of the blood to the op- 
posite lung. Fishman and associates** obtained essentially similar results in 
man. Our results suggest that unilateral anoxia has only a very small effect in 
increasing the cardiac output and pulmonary blood flow, presumably because 
the vasodilatation ordinarily resulting from severe hypoxia is not induced, since 
the systemic arterial blood has an adequate oxygen content. 

Presumptive reductions in pulmonary vasomotor tone have been reported 
after the administration of adrenaline, and hypotensive and sympathoplegic 
drugs, especially in the treatment of hypertension.”:“* These effects have been 
generally less striking than those reported in anoxia. Since all these agents also 
act on the systemic circulation, the possibility exists that the pulmonary effects 
are only secondary. It would appear that the question of the responsiveness of 
the pulmonary vessels to such vasoactive drugs requires reassessment. 

If the evidence for active vasomotion in the pulmonary vessels is seriously 
challenged, the possibilities remain either that these important vessels have no 
active means of regulation, or that some other means, perhaps via the airways,’ 
may operate to regulate the pulmonary blood flow. 

In any event, the present results provide no support for the concept that the 
pulmonary blood vessels can respond to hypoxia or anoxia. Further studies to 
elucidate the mechanisms of regulation of the pulmonary blood flow and pressure 
are indicated. 


SUMMARY 

The blood flow through each of the main pulmonary arteries was measured 
by rotameter in the pentobarbitalized thoracotomized dog. 

Induction of hypoxia by unilateral or bilateral insufflation of nitrogen or 
10 per cent oxygen produced increases in pulmonary systolic and mean arterial 
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pressures, but the diastolic pressure was unaffected. The cardiac output was 
increased in every instance. The calculated pulmonary vascular resistance was 
unchanged. These data challenge the concept that hypoxia produces pulmonary 
vasoconstriction. Instead, the pulmonary vasculature appears to be passive 
under these circumstances. 


We wish to acknowledge the excellent technical assistance of Francis Williams, M.A., and 
Daniel Fabricy, B.A. 
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Determinations of Serum Enzymes in Surgical Patients: Value in 


Diagnosis of Complicating Myocardial Infarction 
Raymond L. Weisberg, M.D., and John J. Sampson, M.D., San Francisco, Calif. 


The exhibition of characteristic time curves of certain serum enzyme ac- 
tivities, especially of serum glutamic oxalacetic transaminase (SGO-T) and 
serum lactic dehydrogenase (SLDH), have proved valuable aids in the diag- 
nosis of myocardial infarction in doubtful cases.'-° Doubt of the diagnosis 
arises frequently (1) when the diagnostic electrocardiographic changes are mini- 
mal, as with T-wave inversions only, or are obscured by bundle branch block 
or other pre-existing abnormalities; (2) when a history of prolonged charac- 
teristic cardiac pain is not obtained because (a) the pain is of short duration, (b) 
signs and symptoms other than pain are exhibited, such as faintness, hemiplegia, 
or pulmonary edema, or (c) the patient is incapable of expressing pain, as with 
certain psychoses or suppression of sensory responses by drug analgesia or anes- 
thesia. 

The latter type of pain suppression is important because myocardial in- 
farction is not an infrequent occurrence in anesthetized patients during surgical 
procedures or in the immediate postoperative period, especially following hypo- 
tensive episodes. Approximately only one fourth of such cases present a history 
of characteristic pain at any time.* An index of suspicion of such a complication 
should be cultivated when the patient is elderly or has a history of prior coronary 
disease and demonstrates unexplained postoperative hypotension, tachycardia, 
or congestive heart failure. Electrocardiograms should be obtained in such 
cases but may not be clearly diagnostic. Such supporting evidence of myocardial 
infarction as fever, leukocytosis, and rapid erythrocyte sedimentation rate are 
often valueless following surgery. 

Characteristic curves of increased activity of SGO-T and SLDH should 
assist in the diagnosis, but many investigations have been published (experi- 
mental’-'"; clinical''”) indicating that elevated SGO-T and SLDH activity is 
the expected result of either experimental or clinical surgical procedures because 
of (1) damage to the liver by the anesthetic agents or (2) trauma to skeletal 
muscle and other tissues. An exception to such statements is the report by 
Lawrence and Schulkins" of only a modest rise of SGO-T (32 to 40 units |U.]/ml.) 
in 5 of 12 operations involving thoracotomy and pulmonary resection. In 6 
laparotomy procedures, there was only one (a cholecystectomy) in which there 
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was an abnormal rise of the SGO-T activity (49 U./ml.) in this postoperative 
period. 

Trauma (including infarction) of tissues other than the myocardium, liver, 
or pancreas will cause marked elevation of SGO-T and SLDH only when the 
tissue damage is extensive.-'? Acute damage to the liver by the anesthetic 
agents most frequently used in human surgery has not occurred in our personal 


experience. 
It is the purpose of this paper to present a series of surgical cases which 


indicates that in the absence of preoperative hepatic damage, elevated SGO-T 
and SLDH levels in significant curves were not obtained in the postoperative 
period unless myocardial infarction occurred. 


METHODS 


SGO-T, SLDH, and serum glutamic peruvic transaminase (SGP-T) determinations were 
made simultaneously by the modified techniques of Karmen, Wroblewski and LaDue, and 
Wroblewski and Cabaud.!*-2!_ Normal ranges for this laboratory were 1 to 32 U./ml. for SGO-T 
and SGP-T, and 100 to 250 U./ml. for SLDH. Twenty-one surgical cases operated, 19 under 
general anesthesia, were studied. There were 13 laparotomies, 2 thoracotomies, and 6 other 
types of operation. In general, determinations of serum enzymes were made (1) preoperatively 
and (2) postoperatively between 6 and 20 hours, between 24 and 48 hours, and between 48 and 
70 hours. SGO-T assays were made in all cases, SLDH in 19 cases, and SGP-T in 13 cases. In 10 
cases, indices of hepatic damage were obtained by the Bromsulphalein (BSP) one-hour retention 
test and by measurement of SGP-T, which rarely rises above 50 U./ml. in myocardial infarction 
but reaches peaks as high as those of SGO-T and SLDH in active liver disease (frequently over 


1,000 U./ml.) 


RESULTS 

Table I illustrates the results of the SGO-T, SLDH, and SGP-T determina- 
tions in the 20 cases studied. 

Whereas there is variation in the times at which the blood samples were 
drawn in the preoperative and the three postoperative periods, the selected 
periods of sampling should provide maximum opportunity for discovering ab- 
normally elevated levels of serum enzymes in characteristic curve patterns. 

The operative procedures have been divided into three groups: Group A— 
laparotomies (Cases 1 through 13); Group B—other major surgical procedures, 
not laparotomies (Cases 14 through 17); and Group C—minor surgical procedures 
(Cases 18 through 21). In only 3 cases were certain of the serum enzyme levels 
repeatedly abnormal. In Case 13 hepatic disease seemed an obvious preopera- 
tive complication; both SGO-T and SGP-T were elevated in the early specimens 
ind returned to normal with drainage of the biliary tract. In Case 14 myecardial 
infarction ensued early in the postoperative course and a characteristic curve 
developed for all three enzymes. A secondary late rise of SLDH may have been 
the result of pulmonary embolism. In Case 17, a pneumonectomy, the SGO-T 
was moderately elevated on three postoperative days, not exhibiting the de- 
scending line of a curve. SLDH was low and SGP-T was normal. 

Qne additional case, an hemorrhoidectomy, exhibited elevated SLDH, but 
not elevated SGO-T or SGP-T, on the second and third postoperative days. 
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3——Blood drawn between 48 and 72 hours after surgery 
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Although the abnormal BSP test indicated that prior liver disease was probably 
present in this patient, the normal SGO-T and SGP-T suggested that venous 
thrombosis and escape of blood into connective tissue accounted for the rise in 
SLDH during the postoperative period. 

Case 6 exhibited a single borderline abnormal SGO-T level of 38 U./ml., 
which level has been observed infrequently in normal individuals. Although 
falling within normal ranges of serum activity for the three enzymes, Cases 1 
and 7 presented timed curves for SGO-T, and Case 10 for SGO-T and SLDH. A 
descending curve in normal ranges of SGO-T and SGP-T was observed in Case 
3. Ascending curves within normal ranges were obtained in Cases 6, 9, 13, 18, 
and 21. In 2 of these cases, Cases 18 and 21, venous thrombosis was probably 
implicated. These minor serum enzyme changes may have been caused by the 
several surgical procedures. 

It is of interest, although no explanation can be offered, that whereas the 
lowest normal levels of SGO-T are generally given as 5 U./ml., in Case 21 levels 
of 1 and 2 U./ml. were found, and in Cases 11 and 12 no SGO-T activity could be 
determined in certain specimens. SLDH was found at unusually low levels, 
below 100 U./ml., in Cases 2, 6, 10, 16, and 17. In these 5 cases the hemoglcbin 
was below 12 Gm. per cent, and the elevations following transfusion were paral- 
leled by increases of SLDH to normal levels. 

Apparent correlation of anemia with low SLDH activity occurred in 4 
cases and has been observed personally in 2 other patients with melena. Anemia 
with normal SLDH was observed in Case 20, and low SLDH without anemia 
was noted in Case 16, indicating that this association is not uniform. 


DISCUSSION 
Skeletal muscle was transected and to some degree ligated in all 17 operative 
procedures in Groups A and B of Table I. As has been reported by other ob- 
servers,'4-'§ moderate trauma and necrosis of muscle does not cause significant 
elevation of SGO-T, SLDH, or SGP-T, nor did it occur as a result of these sur- 
gical procedures. One patient, Case 17, exhibited an elevation of SGO-T to 
64, 64, and 78 units on the first, second, and third postoperative days after a 
left pneumonectomy. This pattern did not follow the curve of rapid rise and 
fall of SGO-T that is characteristic of myocardial infarction. SLDH was low, 
79, 75, and 93 units, as found in other anemic patients, and SGP-T was normal 
throughout. In all three groups of Table I various other tissues were damaged. 
The type of operative procedure did not seem to modify the serum enzyme 
responses, except for one pneumonectomy. The limited types of anesthetic 
agents employed, namely nitrous oxide, Anectine, Sodium Pentothal, and pro- 
caine locally or in “‘spinal’”’ or saddle block anesthesia, did not apparently in- 
fuence the serum enzyme levels by acute hepatic injury or damage to other 
tssues. The duration of anesthesia was not correlated with alteration of these 

rum enzyme activities. 

Quiescent chronic hepatic disease generally does not cause elevation of 
GO-T, SLDH, or SGP-T.?!:* This is confirmed by the normal enzyme activity 
Case 3 with 5 per cent retention of BSP in one hour, and of normal SGO-T 


246 WEISBERG AND SAMPSON February, 198 


and SGP-T in Case 18. The latter case exhibited a single borderline high SLDI 
but this rise probably cannot be attributed to active hepatic disease since SGO-! 
and SGP-T are, generally, equally sensitive indices of hepatocellular damagc. 


CONCLUSIONS 


1. In 18 of 21 miscellaneous surgical procedures, 17 major operations wit 
skeletal muscle incision and dissection, and 4 lesser surgical operations, no sig- 
nificant postoperative elevation of the serum enzymes SGO-T, SLDH, and 
SGP-T occurred. One patient exhibited a moderate elevation of SGO-T but 
not of SLDH or SGP-T after a left pneumonectomy. The SGO-T timed curve 
did not resemble that of myocardial infarction. One patient with initial hepatic 
damage exhibited high SGO-T and SGP-T levels, and one case was complicated 
by a fatal myocardial infarction. The latter patient exhibited curves of ele- 
vated SGO-T and SLDH, with slight rises of SGP-T, characteristic of that lesion. 

2. Surgical procedures, as illustrated by this limited series, will not cause 
sufficient elevations of SGO-T and SLDH to mask the characteristic curve 
exhibited by a major myocardial infarction which is complicating the operative 
or postoperative course of a patient. 

3. There were certain fluctuations in the degree of activity of these enzymes 
within the present standards of normal and certain instances of minimal abnor- 
mal levels, which possibly have a significant, but currently unknown, relation- 
ship to the surgical procedures. Anemia has some correlation with low SGO-T 
and SLDH activities. 


We are indebted to Dr. J. Abouav, Dr. A. L. Brown, Dr. M. M. Culiner, and Dr. L. D. Rosen- 
man for observation of the surgical cases, and to Dr. A. E. Lewis, Mr. E. D. Hill, and Mr. R. N. 
Mann for performance of the serum enzyme determinations. 
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A Study of the Influence of Tropical Weather on Output of Volume, 
Work, and Power by the Right and Left Ventricles of Man at Rest in Bed 


George Burch, M.D., and Albert Hyman, M.D., New Orleans, La. 


It has been shown previously! that a hot and humid climate will increase 
greatly the output of volume, work, and power of the right and left ventricles of 
normal man at rest, and only slightly increase that of patients with chronic con- 
gestive heart failure. The levels of heat and humidity employed in those studies 
were high in order to produce definite contrast.! The elimination of excess body 
heat increases the work of the heart, especially ina hot and humid environment in 
which elimination of heat is difficult. Because of the marked increase in work 
by the heart produced by the fot and humid environment, it was considered 
important to know whether or not warm and humid tropical weather also would 
increase the work of the heart of patients at rest in bed. In order to answer this 
problem, and because of its importance in the treatment of patients with heart 
disease, it was decided to study the work of the heart of patients at rest in bed in 
the wards at the Charity Hospital in New Orleans, during the tropical climate 
of mid-summer (August, 1957). For contrast, the same patients were also studied 
in a cool and comfortable air-conditioned ward or neutral environment. This re- 
port describes briefly the results of these investigations. 


TABLE I, SUMMARY OF CLINICAL Data ON 5 HOSPITALIZED NEGRO PATIENTS WITHOUT HEART DISEASE WHO WERE 
STUDIED IN ORDER TO LEARN THE INFLUENCE OF TROPICAL WEATHER ON CARDIAC OUTPUT 


RELATIVE 
TEMPERATURE HUMIDITY* 

SUBJECT | x DIAGNOSIS TREATMENT | 
NUMBER MAX. | MIN. | MEAN| MAX. | MIN. 
(°F.) | CF.) | CF.) | (%) | (%) 


| Lesion, right middle lobe, Streptomycin, 83 | 87 | 
etiology undetermined penicillin 
Diabetes mellitus | Orinase 83 96 | 63 

| Diffuse colloid nontoxic goiter | Lugol’ssol.,thyroid| § 87 92 | 46 
| Osteoarthritis, cervical spine | ASA t 83 | 70 | 41 
Rheumatoid arthritis Symptomatic 87 | 91 | 4 


47 


85 87 48 


*New Orleans weather at Post Office Station, U.S. Weather Bureau. 


From the Department of Medicine, Tulane University School of Medicine, and Charity Hospital 
Louisiana, New Orleans, La. 

Aided by grants from the Public Health Service (H-143), the Upjohn Company, Kalamazoo, 
ch., and the Thibodeaux Research Foundation. 
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METHODS AND MATERIALS 


Five adult volunteer patients without cardiac disease were studied. Their pertinent clinical 
data are summarized in Table I. The studies were conducted from 12:30 to 2:30 p.m. All subjects 
had had breakfast prior to 8:00 a.M., and all remained at rest in bed from breakfast until the time 
of the study. They were placed on a roller for the studies in order to facilitate movement from 
one environment to the other. The cardiac output and right ventricular pressure curves were 
obtained by means of right heart catheterization without x-ray visualization but with pressure 
recording for guidance and placement of the catheter. Brachial arterial blood pressure was 
recorded directly by means of a transducer and pressure recorder. Respiratory rate and pulse 


TABLE II. INFLUENCE OF TROPICAL WEATHER ON CARDIAC OuTPUT. SUMMARY OF DATA OBTAINED ON 
5 HOSPITALIZED ADULT PATIENTS AT REST IN BED 


BLOOD PRESSURE 

ROOM | | A-V Oe DIF- | STROKE 

SUB- | TEMP.) R.H. | (PER | SUMPTION FERINCE | C.O. VOL. 

gect* | (°F.) | (%) | SYSTOLIC | DIASTOLIC| MIN.) ; (c.c./Min.) | (¢.c./100¢.c.) | (L./MIN.)| 
(MM. Hg) | (MM. Hg) | 


| 
| | 


Comfortable Envir onment 


179 

139 

100 259 
70 | 52 

75 151 


~J +] 


Mean 


7 


156 


Warm and Humid Environment 


80 60 365 
84 104 149 
250 
153 
222 


Mean | 228 


*Subjects 1 and 2 were studied on the hot ward first and then moved to the cold ward. Subjects 
3, 4, and 5 were studied on the cold ward first and then moved to the hot ward, although they were orig- 
inally from hot wards. 


TABLE III. INFLUENCE OF TROPICAL WEATHER ON CARDIAC OuTpuUT IN 5 HOSPITALIZED ADUL' 
PATIENTS AT REST IN BED 


SUBJECT COOL WARD WARM WARD INCREASE 
NUMBER (L./MIN. ) (L./MIN. ) (PER CENT) 


36 
39 
22 
144 
32 


37 


| 
1. 47 135 3.8 | 4.7 80 
2. 67 128 3.8 3.6 | 40 | 
3. 49 165 4.0 6.4 56 | 
4. oa 96 | 3.3 16 | 2% | i 
5. 60 135 2.3 | 6.5 73 | 
| (56 132 82 82 22 $4 | 4.6 55 
| 
| 
1 | 92 | 76 135 , 5.7 6.4 | 103 | 
2. 9] 65 120 3.0 | 5.0 | 53 iy 
3 9] 58 125 3.2 7.8 | 65 a: 
4. 108 4.0 39 | 62 | 
5. 99 70 126 2.6 8.6 97 
3.7 6.3 | 7% | 
1. 4.7 6.4 
2. 3.6 5.0 
3. 6.4 7.8 
4. 1.6 3.9 
5. 6.5 8.6 
Mean 4.6 6.3 |_| 
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mber 2 


-+e were measured simultaneously with the recording of pressure in the right ventricle. Two 
tdies were conducted with the patients in the air-conditioned ward first, and then repeated with 


he subjects in the warm humid ward after they had rested at least an hour in the new environ- 


« 


A 


ent. The remaining three studies were made with the subjects first in the warm and humid 
ard and then in the comfortably cool air-conditioned ward, where they remained for about one 
sur before the study was repeated. 


Except for the pressure of the right ventricle, which was recorded directly, the time-course 


curves of pressure, volume, pressure-volume diagrams, accumulated work and power were cal- 
culated for the right and left ventricles as previously described.2* The same assumptions were 
made here and, of course, were subject to the limitations indicated previously.'? 


RIGHT VENTRICLE 


Comfortable Warm and Humid 
Environment Environment 


b 


Pressure (mm. Hg) 


Volume (cc.) 


O04 O8 12 
LEFT VENTRICLE 


Pressure (mm. Hg) 


0 


0 04 08 12 
Seconds 


Fig. 1A.—Time-course curves of pressure and volume for Subject No. 1 resting in a comfortably 
»l air-conditioned ward and in a warm and humid open ward during the tropical weather of New 
leans, summer, August, 1957. These environmental conditions are referred to in all illustrations to 
low. 
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RESULTS 


The results are summarized in Tables II and III and Figs. 1, 2, and 
The average cardiac output was 37 per cent greater in the warm and humi1 
atmosphere or tropical weather than in the comfortably cool air-conditioned 
atmosphere (Tables II and III). The individual variations were fairly large, 
but output was consistently greater in all 5 subjects studied (Tables II, III). 
The increase in output was obtained mainly by a greater stroke volume, but in 
part by an increase in cardiac rate. 


RIGHT VENTRICLE 


Warm and Humid 
Environment 


Comfortable 
Environment 


+ 

= 

4 0.2 Sec 0.2 Sec 
06 Sec f .0 Sec re) ec 
a 100 150 


LEFT VENTRICLE 


Pressure (mm. Hg) 


Volume 


Fig. 1 B.—Pressure-volume-time diagram calculated for the curves shown in Fig. 1A. The increase in 
work of the two ventricles produced by the tropical weather is evident. 


The calculated pressure-volume diagrams, work and power curves showed th» 
left ventricle to do more work in the tropical atmosphere in every instance excep 
for Subject No. 3. In this subject, even though cardiac output and stroke volum 
were greater in the warm and humid atmosphere, systemic arterial blood pressur 
was lower, resulting in slightly less work and power output of the left ventric!» 


(Fig. 2). 
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The calculated pressure-volume diagram, work and power curves (Figs. 1A, 
. 3, and 1C) showed the right ventricle to perform greater work in the warm and 
humid environment in three subjects, less work in one subject (Subject No. 3) 
(Fig. 2), and no difference in work in the other subject (Fig. 3). Since all subjects 
had a greater stroke volume and cardiac output in the warm and humid atmos- 
phere, it was the associated decline in pulmonary arterial blood pressure that 
resulted in less work being performed by the right ventricle of Subject No. 3, 
and no change in work in Subject No. 2. The latter subject had a disproportion- 
ately lesser decline in systemic arterial blood pressure as compared to pulmonary 


Comfortable Warm and Humid 
Environment Environment 


right ventricle 
--« left ventricle 


o 
w 
— 
x 
= 


Power (Ergs/sec.) x 


0; 


O8 


Seconds 


Fig. 1C.—Time-course curves of accumulated work and power calculated from the pressure-volume 
agrams shown in Fig. 1B. The tropical weather produced an increase in work and power output of 
ith ventricles. 
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arterial blood pressure, so that even though both ventricles were ejecting th 
same volume of blood, the left ventricle was performing more work in the warn 
and humid environment than in the cool environment, whereas the right ventric}: 
performed the same amount of work in both the warm and humid and the cox 
environments (Fig. 3). 


Comfortable Worm and Humid 
Environment Environment 


4 4 right ventricle 
4. 4 «--« left ventricle 


Work (Ergs) x 10° 


Power(Ergs/sec.) x 10° 


Second 


Fig. 2.—Calculated time-course curves of accumulated work and puwer output of the right and 
left ventricles of Subject No. 3 resting in a comfortably cool air-condition: — ward and in a ward open to 
tropical weather. Although stroke volume was greater for the tropical weather, systemic and pulmonary 
arterial pressures were less, so that the work output of the two ventricles was even less. 


DISCUSSION 
The illustrations indicate the importance of recording the pressure-volume 
diagram and the time-course curves of work and power for a single cardiac cycle 
for each chamber of the heart. Cardiac output alone does not indicate the work o! 
the heart. Except for the pressure curve of the right ventricle, it was necessar 
to make gross assumptions to obtain these various time-course curves. Unti 
the volume- and pressure-time-course curves can be obtained directly and ac 
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‘ately, calculated curves, as shown, must be considered cautiously. They show 
ighly, but satisfactorily, the nature of the problems involved in measuring 
2 output of work and power of the chambers of the heart. It is obvious that 

satisfactory, direct, continuous recording of pressure and of volume during each 

pulse cycle of the cardiac chambers under study must provide accurate temporal 
relationships for these two parameters. This is necessary for satisfactory evalua- 
tion of the time course of work and power output of the chambers. The curves 
described lack accurate temporal relationships because of the nature of the as- 


sumption and calculations. 


Comfortable Warm and Humid 
Environment Environment 


right ventricle 


Work (Ergs) x 


left ventricle 


' 
' 
1 


o 
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Fig. 3.—Calculated time-course curves of accumulated work of the left and right ventricles of Sub- 
ject No. 2 resting in a comfortably cool air-conditioned ward and in a ward open to tropical weather. 
Although the work output of the left ventricle increased in the warm and humid environment, that of 
the right ventricle did not, in spite of an increase in stroke volume, because of a decline in pulmonary 
arterial pressure without an associated decline in systemic arterial blood pressure. Thus, both ventricles 
can increase in stroke volume output without there being an equal, if any, increase in output of work. 


Obviously, mean values for stroke volume or cardiac output are not sufficient. 
These studies show how a ventricle may increase its stroke volume without 
creasing its work when there is an associated decline in pressure. It was properly 
assumed that both ventricles eject equal volumes of blood if the circulation 
normal and stable. However, Fig. 3 shows a subject in whom the left ventricle 
‘formed more work in the warm and humid atmosphere than in the cool one, 
iile at the same time the right ventricle performed the same amount of work 
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in both environments even though the Fick measurements of cardiac outpu 

showed a greater output for both ventricles in the warm and humid atmospher 

Thus, a greater cardiac output does not necessarily indicate a greater output o 

work and of power for both or either of the ventricles. These important problem: 
as well as other obvious ones cannot be answered satisfactorily until a reliabl 

method is developed to measure continuously the time course of volume chang 

of chambers of the heart under study. 

Again, even with the limitations in accuracy and the relative crudeness o 
the Fick method of right heart catheterization for measurement of cardiac output 
all subjects had a greater cardiac output in the warm and humid environmen 
than in the comfortably cool one. These findings indicate again'~ the increase in 
cardiac output and the increase in work usually produced by a warm and humid 
environment, and also show the benefits of air-conditioning upon the heart, 
favoring rest of the heart. The subjects studied were ‘“‘acclimated,”’ having lived 
in New Orleans throughout the spring and summer. Surely, with proper acclima- 
tization people can adjust considerably to a warm and humid environment. 
Obviously, these subjects, although acclimatized, had not adjusted fully to the 
summer weather. These studies indicate further that the condition of the at- 
mosphere in which a patient lives must be given proper consideration in therapy. 

Although the influence of physical work performed by the skeletal muscles 
was not investigated in these experiments, other studies and experiences in the 
comfortably cool and hot and humid atmospheric conditions indicate that there 


is even greater stress upon the cardiovascular system in the warm and humid 
environment when the subject exerts himself than when he is at rest. Although 
the studies were conducted on chronically ill patients, the trends in the findings 
most probably apply to normal people as well. 


SUMMARY 


Studies of 5 volunteer patients without congestive heart failure at rest in bed 
in the hospital showed a 37 per cent increase in the mean cardiac output in the 
tropical weather during mid-summer in New Orleans (August, 1957) over that 
in a comfortably cool air-conditioned atmosphere. The calculated time-course 
curves of the pressure-volume diagram, work, and power revealed the superiority 
of such recordings over the conventionally obtained mean volumes of cardiac 
output as indices of cardiac work. These curves indicate the need of a reliable 
method for recording the time course of volume change of each chamber of the 
heart during a single cardiac cycle. 

If it is desirable to maintain the heart at rest in the treatment of patients 
with heart disease, the atmosphere of the patient’s sickroom should be cool anc 
comfortable. 
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An Abnormal Electrocardiographic Pattern and Its Relation to Ventricular 
Fibrillation (Observations During Clinical and Experimental Hypothermia) 


Antonio Boba, M.D., Albany, N.Y. 


Sixty hypothermic patients have been observed at the Albany Hospital 
during the last 2 years. Continuous electrocardiographic monitoring, by means 
of an oscilloscope coupled to a direct writer, has been a part of the routine manage- 
ment in all cases. Our attention was attracted by a peculiar wave which seemed 
to appear at rather low temperatures and persist until the body temperature 
returned to a more comfortable level of hypothermia (Table I). Once the body 
temperature had returned to normal, this wave was not seen again, and the 
follow-up failed to demonstrate its reappearance. 

This wave is of low voltage, of a duration equal to or greater than the QRS 
complex, and it appears immediately after the ventricular complex, frequently 
impinging upon it (Fig. 1). This accident was observed in 9 of the 60 patients, 
and in each instance it discouraged further cooling for fear of the predisposing 
effects of deeper hypothermia to ventricular fibrillation. 


TABLE I. CLINICAL OBSERVATIONS 


APPEARANCE* MINIMUM* 


Not recorded 
Not recorded 


*Rectal temperatures, in centigrades, at which the abnormal electrocardiographic wave is first 
seen, lowest temperatures achieved, and temperature at which the wave disappears. With one excep- 
on only, the temperature at which the abnormal pattern was first observed was below 30.0°C. Asa 
eneral rule the abnormal pattern persisted until the temperature had come back to slightly above the 
emperature at the time of its appearance. 


From the Department of Anesthesiology, the Albany Medical College of Union University, and the 
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NUMBER PATIENT ee DISAPPEARANCE* 
29.0 
30.9 
29.5 
31.0 
29.8 
4 31.6 
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The possibility that this particular pattern was a constant and reliab\» 
premonitory sign of ventricular fibrillation has stimulated the following labor: - 


tory investigation. 


MATERIAL AND METHODS 


Seventeen adult, splenectomized, mongrel dogs weighing from 8 to 16 kilograms were em- 
ployed for this study. They were anesthetized with intravenous Nembutal, 60 mg./Kg., and 
endotracheal intubation was carried out with a cuffed No. 10 Portex tube. The femoral vein and 
artery of one side were cannulated, electrode plates for electrocardiographic recording were 
secured to the four extremities, and a rectal thermometer was inserted deeply and secured to the 
tail with a No. 3 braided silk stitch. (The gas expansion thermometer* was used throughout.) 
The venous cut-down was used for the administration of additional Nembutal as required to con- 
trol shivering, and no other drug was used at any time in the course of the experiment. The ar- 
terial cut-down was connected, via a three-way stopcock, to a conventional U-shaped mercury 
manometer, and the side arm of the stopcock was used for the withdrawal of blood samples. 
After not less than 20 minutes from the time of induction of the anesthesia, base-line recordings 
were taken and hypothermia induced by immersion in a small tub containing ice water. The 
temperature of the water was checked at frequent intervals, and it never exceeded 3°C. Immer- 
sion in ice water was continued until the animal died. 

The rectal temperature, the blood pressure, the arterial pH, the respiratory rate, and the 
electrocardiographic pattern were recorded at frequent intervals. With reference to the electro- 
cardiographic pattern under investigation the body temperature at the time of its appearance and 
the body temperature at which ventricular fibrillation supervened were recorded separately. 

Three groups of dogs were studied. The first group (7 animals) was allowed to breathe room 
air spontaneously, and no respiratory assistance was given at any time. The second group (5 
animals) was hyperventilated with 100 per cent oxygen by means of an automatic ventilator.’ 
The third group (5 animals) was hyperventilated with the same device, using a mixture of 10 
per cent oxygen and 90 per cent nitrogen. Hyperventilation was carried out in the two groups 
up to the time of death. 


RESULTS 


Four of the 17 animals that were investigated died in cardiac standstill. 
The electrocardiographic pattern under investigation was not observed at any 
time in any of these animals. Ventricular fibrillation was the terminal event 
in the remaining 13 dogs, and it was preceded by the appearance of the electro- 
cardiographic pattern under study in 12 cases. 

The 12 animals which showed the abnormal wave prior to ventricular fibril- 
lation were distributed as follows: Group I (breathing room air spontaneously): 
Four of the 7 animals in this group died in ventricular fibrillation. All 4 of them 
exhibited the electrocardiographic pattern under study. It was observed first 
at an average rectal temperature of 25°C. (range 21.5 to 29), and the gradient 
between this temperature and the temperature at death averaged 4.1°C. (range 
2 to 7). Group II (hyperventilated with 100 per cent oxygen): Four of the § 
animals in this group died in ventricular fibrillation. All 4 of them exhibitec 
the electrocardiographic pattern under study. It was observed first at an aver 
age rectal temperature of 28.5°C. (range 26 to 31), and the gradient betweer 
this temperature and the temperature at death averaged 10.8°C. (range 8 to 15) 


*Cat. No. 57, manufactured by the J. P. Marsh Company, Skokie, III. 
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oup III (hyperventilated with 10 per cent oxygen and 90 per cent nitrogen): 
The 5 animals in this group died in ventricular fibrillation; however, the elec- 
trocardiographic pattern under study was observed in only 4 of them. In the 
cases in which it was seen, it appeared first at an average rectal temperature 
f 28°C. (range 26 to 31), and the gradient between this temperature and the 
mperature at death averaged 12.3°C. (range 9.5 to 15.8). 


TABLE II. EXPERIMENTAL OBSERVATIONS 


GROUP I GROUP II GROUP III 
(HYPERVENTILATED WITH 


(BREATHING ROOM AIR (HYPERVENTILATED WITH | 10% OXYGEN AND 


SPONTANEOUSLY ) | 100% oxyGEn) 90% NITROGEN ) 


Appearance* | Average 25.0°C. Average 28.5°C. Average 28.0°C. 
Range 21.5-29 Range 26-31 Range 26-31 


Gradientt Average 4.1°C. Average 10.8°C. Average 12.3°C. 
Range 2-7 Range 8-15 Range 9.5-15.8 


*‘‘ A ppearance”’ signifies the rectal temperature at the time that the abnormal pattern was observed. 
t'‘Gradient’’ signifies the difference in temperature between the time that the pattern was first 
observed and the time that ventricular fibrillation supervened. 


TABLE III. ASSOCIATION OF THE ABNORMAL ELECTROCARDIOGRAPHIC PATTERN 
WITH VENTRICULAR FIBRILLATION 


FIBRILLATION STANDSTILL 
rOTAL 


WAVE | NO WAVE WAVE NO WAVE | 


Group I 
(Breathing room air spontaneously) | 


| 


| 


Group II 
(Hyperventilated with 100% oxygen) 
| 


Group III 
(Hyperventilated with 10% oxygen 
and 90% nitrogen) 


Total 


This table shows the high degree to which the abnormal! electrocardiographic pattern under study 
is associated with ventricular fibrillation. 


These data are summarized in Tables I] and II]. The arterial blood pres- 
sure, the rectal temperature, and the pulse rate fell in a somewhat linear fashion 
throughout each experiment. The arterial pH varied widely, but at the time 
f death it was below 7.18 in all the animals that were breathing room air spon- 
aneously, and above 7.30, and as high as 7.77, in the animals that were hyper- 
entilated. These pH values were unrelated to the mode of death of the animals. 


4 1 5 
a | 12 1 4 | 17 
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With the exception of some determinations of serum magnesium in 9 dog 
no other relevant observations were made and no other blood samples with 
drawn. 


DISCUSSION 


The recent popularity of elective hypothermia during cardiovascular an« 
neurosurgical procedures has resulted in the appearance of a voluminous litera- 
ture on the subject of electrocardiographic changes at low body temperatures.?~’ 
The appearance of an electrocardiographic disturbance similar to the one ob- 
served in our patients, even though previously reported,*:’ has failed to attract 
attention. Furthermore, recent experimental work has shown that a low body 
temperature is not a necessary prerequisite for its appearance.'° However, the 
fact that this wave was frequently observed at body temperatures which are 
within the fibrillatory range,"' and the fact that at the present time there is 
no reliable premonitory sign of ventricular fibrillation,” have stimulated our 
interest in uncovering some correlation between its appearance and ventricular 
fibrillation under experimental conditions. 

The results of our experimental work indicate a high degree of association 
between this wave and ventricular fibrillation; in fact, it was not seen at all in 
those animals which did not fibrillate, and it was observed in 12 of the 13 animals 
which did fibrillate (Table III). 

The temperature at which it was first observed was fairly constant, inde- 
pendent of spontaneous breathing or hyperventilation with 100 per cent oxygen 
or a hypoxic mixture (Table II). Statistical comparison of the means fails to 
reveal significant differences between any of the three groups; p > 0.01 in all 
cases. The temperature gradients between the temperature at the time the 
abnormal wave is first seen and the body temperature at the time that ventric- 
ular fibrillation supervenes show some differences between the three groups 
(Table II). The gradient is smaller in the group breathing room air spontane- 
ously and greater in the group being hyperventilated with an oxygen-poor mix- 
ture, while that of the group hyperventilated with 100 per cent oxygen lies 
somewhere in between. Statistical comparison of the means reveals p < 0.01 
for the group breathing room air spontaneously and the group hyperventilated 
with 100 per cent oxygen. If the group hyperventilated with the oxygen-poor 
mixture is compared to the group breathing room air spontaneously, then p < 
0.001. The arterial pH, the pulse rate, and the arterial blood pressure did not 
show any type of association with the wave under study. 

Thus it would appear that hyperventilation increases the margin of tem- 
perature between the body temperature at which the abnormal wave is first 
observed and the temperature at which fibrillation supervenes. It would seem 
also that hyperventilation with an oxygen-poor mixture is better in this respect 
than hyperventilation with 100 per cent oxygen. This finding is rather startling, 
but it could be explained by the following argument. Mechanical hyperventila- 
tion, with the benefit of a nonrebreathing valve, will remove large amounts of 
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carbon dioxide from the blood, but it does not affect the rate at which carbon 
dioxide is unloaded by the cells into the blood stream. This rate is regulated 
by the pCO: gradient between the cells and the capillary blood and the avail- 
ability of reduced hemoglobin. When a hypothermic subject is hyperventilated 
with 100 per cent oxygen, the amount of oxygen dissolved in the plasma increases 
considerably, while metabolic oxygen requirements decrease so that little if any 
of the hemoglobin is desaturated as it goes through the capillary bed. This is 
a situation similar to that seen when pure oxygen is breathed under high pres- 
sure. The use of an oxygen-poor mixture (in our experiment, 76 mm. Hg partial 
pressure in the inspired mixture), by allowing some of the hemoglobin to be 
desaturated at all times, could obviate this inconvenience. 

Although none of the 9 patients (Table I) who exhibited the electrocardio- 
graphic pattern under consideration had progressed to ventricular fibrillation, 
and although our clinical experience with ventricular fibrillation has been limited 
to three instances, all occurring during circulatory arrest for correction of aortic 
stenosis, the result of these experiments has modified somewhat our conduct in the 
operating room. These modifications may now be summarized. The appearance 
of the wave under consideration in the electrocardiogram of a patient subjected 
to hypothermia is assumed to be a warning of impending ventricular fibrillation. 
Further cooling is discontinued immediately and external heat is cautiously 
applied in order to prevent temperature drift and to encourage rewarming. 
The ventilation is augmented manually with great care so as not to produce a 
sudden increase in intrathoracic pressure and consequent decrease in venous 
return. The inhaled mixture is conveniently altered and its oxygen tension re- 
duced to room air concentration. Up to the present time, in spite of our experi- 
mental data, we have not used, nor do we advocate the use of, a straight hypoxic 
mixture in these cases. Until now, these modifications in the management of 
clinical hypothermia after the abnormal electrocardiographic wave is observed 
have not resulted in any instance of ventricular fibrillation or standstill. 


SUMMARY 


Under the conditions of the experiment it has been possible to produce the 
appearance of a peculiar wave in the electrocardiogram of hypothermic dogs. 
This wave is very similar morphologically to a wave which is seen in human 
beings at comparable hypothermic levels. 

A numerical correlation exists between the appearance of this wave and the 
incidence of ventricular fibrillation, so that the hypothesis that this wave should 
be considered as a premonitory sign of ventricular fibrillation seems justified. 


Hyperventilation does not affect significantly the temperature at which the 
vave appears, but it increases the margin between this temperature and the 
emperature at which ventricular fibrillation eventually supervenes. 

Possible clinical implications of these findings are discussed. 


The author wishes to acknowledge the valuable technical assistance of Miss Margaret M. 
tiedy throughout the clinical and experimental portions of this work. 
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Diaphragmatic Juxtacardiac Leads: Their Value in the Study of the 
Spread of Activation and the QRS Complex of the Heart's 


Diaphragmatic Surface 


Ennio Barbato, M.D., Antonio Carlos Debes, M.D., Fulvio Pileggi, M.D., Toshyasu 
Fujioka, M.D., Paulo de Paula e Silva, M.D., and Luiz V. Décourt, M.D. 
Sao Paulo, Brazil 


It is technically impossible to record any lead in the diaphragmatic surface 
of the heart during a routine thoracotomy. Actually, the study of the activa- 
tion’s sequence and QRS morphologies in the human epicardial surface has been 
possible only in the anterior and lateral surfaces of the heart.'* The present 
paper reports an attempt to obtain information on the diaphragmatic surface 
of the heart by means of the juxtacardiac diaphragmatic leads during abdominal 
surgery. These leads have not been reported in the literature. 

A study of this type contributes to the problem of the heart’s electrical 
field and also completes the knowledge furnished by direct epicardial leads. 


MATERIAL AND METHOD 


Twelve patients who underwent surgery for gastroduodenal ulcer were studied. Eight 
had clinically, radiologically, and electrocardiographically normal hearts; two had an S,-S»-S; 
electrocardiographic pattern; one had pulmonary emphysema; and one had left ventricular hyper- 
trophy (essential arterial hypertension). Two of the normal patients were women, and all the 
others were men; their ages ranged from 27 to 50 years, except for the emphysematous patient 
who was 64 years old. 

Multiple thoracic leads with points ranging between 60 and 84 were recorded with a Cam- 
bridge ‘‘Simpli-Scribe’’ machine on the day before the operation. With the patients already 
anesthetized the standard, unipolar, and Wilson’s precordial leads were recorded, and just prior 
to the gastrectomy the unipolar leads (from 12 to 20 points) were recorded on the diaphragm’s 
abdominal surface (cardiac impression). 

Beginning at the most anterior level (apical) and ending at the most posterior one (basal), 
these points were taken in three or more horizontal levels from the right to the left, usually 4 
or 5 points at each level. Those points which were localized more to the right were called points 
of the “right zone”’ of the cardiac impression, while those which were localized more to the left 
were called points of the ‘left zone,” and those in the center were called points of the “intermediate 
zone.” In the figures the recorded leads are presented according to their level and position. 

Eight cases were recorded at double speed with a four-channel Sanborn Poly-Viso machine, 
and the other four were recorded with a Cambridge ‘‘Simpli-Scribe,” at usual speed. 


From the Department of Cardiology, Medical School (Hospital das Clinicas), University of Sao 
Paulo, Sio Paulo, Brazil. 
Received for publication Nov. 3, 1958. 
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A, Diaphragmatic juxtacardiac leads obtaine: 
The numbers indicate th: 


Fig. 1.—M.S., 29 years old, white, male, Italian. 
at the same points indicated in B. B, Juxtacardiac diaphragmatic surface. 


points at which leads were recorded. 


7 
9 10 i 12 
\ 


lume 57 DIAPHRAGMATIC JUXTACARDIAC LEADS 265 


Number 2 


In order to obtain amplitudes comparable tc those in the precordial leads, a maximum of 
fourfold reduction was necessary. The other details of technique and method are found in pre- 


vious papers.!? 
The multiple thoracic leads were arranged in the figures as though the thorax had been opened 


the midline posteriorly and completely extended anteriorly. 


RP 
Spl LSeL LPSpL MSpL 


Fig. 1,C.— Multiple thoracic leads. The first, second, third, etc., of the horizontal levels correspond, 
respectively, to the first, second, third, etc., intercostal spaces. RSciR = Right supraclavicular region. 
LScliR = Left supraclavicular region. RPSpL = Right paraspinal line. RScL = Right scapular line. 
RPAL = Right posterior axillary line. RMAL = Right mid-axillary line. RAAL = Right anterior 
axillary line. RML = Right mammary line. RSL = Right sternal line. LSL = Left sternal line. 
LML = Left mammary line. LAAL = Left anterior axillary line. LMAL = Left mid-axillary line. 
LPAL = Left posterior axillary line. LScL = Left scapular line. LPSpL = Left paraspinal line. 
ifSpL = Mid-spinal line. 
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RESULTS 


Figs. 1 and 2 show the recorded pattern obtained in two normal cases. In 
Tables I and II, corresponding to Figs. 1 and 2, are given the values of the in 
scription times of the vertices of the deflections and notches. The other six nor 
mal cases gave similar patterns and inscription times. 


Fig. 2.—J.C.S., 27 years old, white, male, Brazilian. A, Diaphragmatic juxtacardiac leads obtained 
at the same pointsindicatedin B. The leads obtained at Points 8 and 9 are repeated together with Lead 
II, recorded simultaneously. B, Juxtacardiac diaphragmatic surface. The numbers indicate the points 
at which leads were recorded. 
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Fig. 2,C.—Multiple thoracic leads. The first, second, third, etc., of the horizontal levels correspond, 
respectively, to the first, second, third, etc., intercostal spaces. RPAL = Right posterior axillary line. 


R MAL = Right mid-axillary line. RAAL = Right anterior axillary line. RML = Right mammary 


line. RSL = Right sternal line. LSL = Left sternal line. LML = Left mammary line. LAAL = Left 


anterior axillary line. LMAL = Left mid-axillary line. LPAL = Left posterior axillary line. 
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Fig. 3.—F.M., 52 years old, white, male, Brazilian. A, Diaphragmatic juxtacardiac leads ob 
tained at the same points indicated in B. B, Juxtacardiac diaphragmatic surface. The numbers indi 
cate the points at which leads were recorded. 
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Fig. 4.—J.F., 64 years old, white, male, German. A, Diaphragmatic juxtacardiac leads obtained 
at the same points indicated in B. The lead obtained at Point 1 is repeated together with Leads I and 
II, recorded simultaneously. 3B, Juxtacardiac diaphragmatic surface. The numbers indicate the 
points at which leads were recorded. 
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Figs. 3 and 4 show, respectively, the records obtained in one of the cases 
with an S;-S.-S; pattern, and in the case of pulmonary emphysema. The case 
of left ventricular hypertrophy differs from the normal cases only in the larger 
amplitude obtained in the leads located in the cardiac impression’s left zone. 


DISCUSSION 


In both normal and left ventricular hypertrophy cases, with only one 
exception, the QRS morphologies in the points of the “left zone’”’ were qRs, qRS, 
qR, or Rs, that is, there were always tall R waves usually preceded by a Q and 
followed by an S of variable depth. The points showing no Q waves were usually 
located in the apex. In the “right zone’’ the morphologies obtained were: rrS, 
rsr’S’, rSr’, rsR’S’, RS, rS, and in a single case, Q (r) S. Between both zones 
the morphologies were rS, RS, qRS, and qRs, the former two nearer the right 
zone and the latter two nearer the left zone. 


As in the diaphragmatic surface the points of the left zone correspond to 
the left ventricle. One notes that in the left ventricular diaphragmatic surface 
QRS complexes without Q waves are recorded, contrary to the findings on the 
anterior and lateral surfaces.' In the right ventricular diaphragmatic surface 
QRS complexes with delayed R waves are recorded more frequently than in 
the right anterior surface. These delayed R waves suggest a later activation 
of certain regions of the right ventricle, such as the basal and posterior portions. 
These regions should contribute to the beginning of the final right and back- 
ward dislocation of the vectorcardiographic loop. 

The recorded morphologies on the diaphragmatic surface near the left 
border of the cardiac impression are very similar to those recorded at the fourth, 
fifth, sixth, seventh, and eighth left intercostal spaces lateral to the mid-clavic- 
ular line (Figs. 1 and 2), to those at the inferior level of the left bronchus,*:*}” 
and to some of those from the esophagus.*:’:'°:" The morphologies recorded on 
the right border of the cardiac impression, with broad double R and S, are not 
found, however, on the chest surface, in the esophagus, in the bronchus, or in 
the limbs, and they were not even referred to in the infradiaphragmatic regions 
by Helm and associates. The reason for these facts deserves further attention. 
The rSr’ is the only pattern that might be recorded in the upper intercostal 
spaces of the right hemithorax. 


In the cases of the S,-S2-S; pattern (Fig. 3) the predominant morphology 
in the right and intermediate zones of the diaphragmatic surface is double R 
and S. This strengthens the findings of Grant‘ and ourselves,” according to which 
in a certain number of patients with such an electrocardiographic pattern, its 
genesis is due to an uncommon and peculiar activation and not to a special 
position of the heart. 


In the case of pulmonary emphysema the morphology as well the amplitude 
is similar to those of the normal. The great decrease in the amplitude (Fig. 4) 
which is observed in the peripheral and thoracic leads is due, therefore, to the 
spread of the electrical forces through the lungs. 
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The spread of activation in the diaphragmatic surface is from the para- 
septal zones to both sides, and from the apex to the base, just as it is in the an- 
terior and lateral surfaces. If one compares the activation times of the different 
points on the diaphragmatic surface (Tables I and II) and those of the other two 
surfaces,? it becomes obvious that the sequence of the activation of the heart, 
in the majority of the cases, is as follows: septum, right paraseptal zone, and 
some areas of the left paraseptal zone, remnant of the left paraseptal zone, 
apex of both ventricles, intermediate zones of both surfaces of the right ventricle, 
and pulmonary conus; next, the intermediate zone of the left ventricle and basal 
zone of the right ventricular anterior surface, followed immediately by the 


TABLE [| 


MORPHOL-| Q | R 


POINT | OGY | (SEC. ) (SEC. ) (SEC. ) 


'0.024-0.034| 0.052 

028 0.056 

034 0.054 
046 0.064 15.8/5. 


4 

2 

First Level 3 
4 


.022 .040-0 .072 1.5/10 
.042 | 0.068 8.5/5.0 
.048 | 0.072 0.2/13.7/3.7 
.048 | 0.060 | 0.3/14.8/2.51 


.014 0.038 | 0.2/3.4/35.2 
.022 0.042 | 
.040 0.066 | 7.2/9.8 
.046 0.066 |} 15.8/1.5 


Second Level 


Third Level 11 
12 


cooo;coooo; coo 


TABLE II 


| MORPHOL- | 
OGY 


qRS 


First Level qRs 


rSr’(?) 
rS 


Second Level 


qRS 0.3/3.4/2.1 
1/8.0/1.4 - 


0.024 | 0.036 | 0. 1/4/6.5/14.5 
0.030 | 0.044 | 0. 2/2/5/4 


Third Level 


0.5/7.5/3 
1/4.5/0.3 


| LL. 
Q/r/s (sEC.) 
rS 2 | 0.010 
Rs | 0 | 0.012 
Rs 0 | 0.020 
r (sr) S | 0.020 
Rs | | 0.016 
qRs_ | 0.06 | | 0.020 
qRs_ | 0.06 | 0.020 
rS | 0.002 
rS | 0.014 
qRs_ | 0.08 | | 0.020 
1.1.T. =Initial inscription time. 
POINT R Ss | AMPLITUDE | 1.1.T. 
|? 0.030 | 0.044| 3.0/4.7 | 0.004 
? | 9.7/3.8 
R 
5 | | | 0.032 | 0.052 | 1.5/6.3/2 | 0.006 
6 | | 0.022 | 0.038 | 2.4/18.4 | 0.000 
| R ew 
7 | 0.012 
8 | | 0.004 
| R | | 
| 9 | rsR’S’ | 0.012 | | 0.004 
| 10 | rSR’s’ | 0.012 | | 0.010 
| R | | 
| 11 | qRs | ? | 0.032 | 0.056 | 
| 12 | qRs | 0.016! 0.036 0.062 | 0.008 
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basal zones of the left ventricle; and finally, the basal zones of the right ventricle 
near the right border and the upper portions of the left ventricle. In some other 
cases the pulmonary conus is activated very early. 

The inscription times of the vertices of various deflections in the diaphrag- 
matic leads (Tables I and II) show a tendency to a greater synchronism than do 
those recorded in the epicardial surface, and a lesser synchronism than do those 
in the thoracic and limb leads. The amplitude of the diaphragmatic leads is 
shorter than that obtained on the epicardial leads. Both facts probably mean 
that the diaphragmatic leads are in an intermediate position between the epi- 
cardial and the thoracic leads; that is, they behave as if they were nearer to the 
heart than are the thoracic leads. 

The P wave, when sharply inscribed, is positive in every point. The T 
wave is always positive except in a few points near the right border of the cardiac 
impression, where it is negative. 


SUMMARY 

In 12 patients who underwent gastric surgery, juxtacardiac diaphragmatic 
leads were recorded. In normal patients the recorded morphologies were: qRs, 
qRS, gR, and Rs in the left lateral portion of the cardiac impression of the dia- 
phragm, and rS or double R and S in the right lateral portion. Thus, complexes 
without Q waves are recorded in zones corresponding to the left ventricle. This 
is not observed in the anterior and lateral surfaces of this ventricle. 

It is suggested that the diaphragmatic surface of the right ventricle, through 


its basal portions near the right border, interferes directly in the genesis of the 
delayed R waves of the RSR’ and RSR’S complexes. 

By the study of the S,-S2-S; pattern it was concluded that even in normal 
people this pattern is due to a special and uncommon type of ventricular activa- 


tion. 
The data obtained in this study was related to data obtained previously 


with the direct epicardial leads, in an attempt to complete our knowledge of 


the sequence of cardiac activation. 
In both normal and pathologic cases the P wave is always positive. The 
T wave, except in few points near the right border of the heart, is always positive. 
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Myocardial Infarct-Like Lesions and 
Arteriosclerosis Induced by High Molecular 
Substances, and Prevention by Magnesium Salt 


T. Shimamoto, M.D.,* T. Fujita, M.D.,* H. Shimura, M.D.,* H. Yamazaki, 
M.D.,* S. Iwahara, M.D.,** and G. Yajima, M.D.,*** Tokyo, Japan 


In 1957, the authors! reported a method that would regularly induce large 
myocardial infarct-like lesions in rabbits and rats, fed either on a low- or high-fat 
diet, using polysaccharide of gram-negative bacteria and a combination of adrena- 
line and noradrenaline. In this experiment it was emphasized that the animals, 
treated with bacterial polysaccharide and adrenaline, showed not only large 
myocardial lesions with calcification, but also a remarkable elastofibrous thicken- 
ing of the intima of the coronary arteries, especially those located in the myo- 
cardium of the left ventricle. The intimal thickening due to fibrosis was apparent 
also in the aorta, and an increase of metachromatic substance in the intimal 
layer and fragmentation of the internal elastic membrane were found, aside from 
the appearance of arteriosclerosis of the Ménckeberg type. Such a change in 
the intima of the artery showed a definite contrast when compared with the 
simple Ménckeberg’s medial necrosis of the animals treated with adrenaline 
or noradrenaline alone. 

Upon the systematic exploration of the biological effect of polysaccharide 
it was found recently by the authors?> that polysaccharide induces precipita- 
tion of fibrinogen, clumping of platelets and leukocytes, and shortening of the 
whole-blood coagulation. Also, the appearance of platelet-agglutinating sub- 
stance and a small amount of serotonin were found in the plasma after the ad- 
ministration of the polysaccharide to rabbits. 

According to the research of Landy and Shear,® such a property of bacterial 
polysaccharide seems to be a common feature of the various high molecular sub- 
stances, not only those of bacterial origin but also those from various animal 
tissues and plants, including liver glycogen, dextran, kaolin, and the antigen- 
antibody precipitates which were described earlier by Stetson’? and Walton.$ 


This work was supported by a grant from the Japanese Ministry of Education. 

Received for publication Sept. 10, 1958. 

*Department of Clinical Physiology, Tokyo Medical and Dental University, Tokyo, Japan. 
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ee EFFECTS OF HIGH MOLECULAR SUBSTANCES ON HEART 277 
These high molecular substances have properties which cause an intravascular 
coagulation of the blood and are capable of eliciting the Shwartzman reaction. 
When a sufficient dose of these substances was injected intravenously, the suc- 
ceeding intradermal injection of adrenaline caused local hemorrhagic necrosis, 
as shown by Thomas and associates,? by Landy and Shear,® and also by the 
authors.'® In the authors’ experiment employing electron microscopy" it was 
found that the intradermal administration of adrenaline seemed to promote 
the adherence of the following substances to the endothelial cells of the capil- 
laries; that is, the electrodense plasma substance and platelet-leukocyte thrombi 
which appeared in the circulating blood were mobilized from the blood by the 
high molecular substance, as in the case of the generalized Shwartzman reaction 
of Pappas, Ross and Thomas." Thus, the occlusion of capillaries is induced 
and results in local hemorrhage. 

On the basis of such a finding the authors changed the mode of adminis- 
tration of both substances in the following way in this experiment. First, the 
dosage of the polysaccharide was increased twice, i.e., from 25 to 50 ug per kilo- 
gram of animal body weight, and it was ascertained that this would cause a 
definite precipitation of fibrinogen and clumping of platelets and leukocytes. 
On the contrary, the dosage of adrenaline was reduced from 25 yg to 3 to 10 ug 
per kilogram of animal body weight. Secondly, the administration of the poly- 
saccharide was performed 30 minutes before the administration of adrenaline 
whenever they were used together; that is, after sufficient development of clump- 
ing of platelets and a possible precipitation of fibrinogen in the circulating plasma 
by pretreatment with polysaccharide following the administration of adrenaline, 
which might induce a stimulation of the metabolism of heart and blood vessels, 
and which, presumably, as the consequence, might change the quality of the 
endothelial cells of the blood vessels so as to cause these substances to adhere 
to the endothelium, as shown electron-microscopically by the authors and re- 
ported elsewhere." 

It is the object of this communication to report on the experiments on rab- 
bits which show: (1) that the repetitious administration of a sufficient dosage 
of bacterial polysaccharide, which is capable of precipitating fibrinogen and 
clumping platelets, induced the damage to the artery, especially of the intimal 
layer, and the myocardial infarct-like lesion; (2) that the combined use of 
adrenaline and bacterial polysaccharide induced remarkably exaggerated damage 
to the heart and the artery without the appearance of Ménckeberg’s medial 
necrosis; and (3) that the concurrent administration of magnesium chloride 
showed some preventive effect against this damage to the heart and artery. 


MATERIALS AND METHODS 

Thirty-four male rabbits were fed on the ordinary, low-fat diet of barley corn and vegetables 
of the authors’ laboratory, and were divided into 5 groups. 

The first group of animals was the control. The second group received 10 wg of adrenaline 
per Kg. of body weight, intravenously, every 2 days for 4 weeks. The third group received 50 yg 
of polysaccharide per Kg. of body weight, intravenously, every 2 days for 4 weeks. The fourth 
group received 10 ug of adrenaline per Kg. of body weight, intravenously, 30 minutes after the 
intravenous pretreatment with 50 ug of polysaccharide per Kg. of body weight, for 2 to 4 weeks. 
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In 2 animals, 3 instead of 10 wg of adrenaline per Kg. of body weight was also utilized. The fifth 
group received 50 yg of the polysaccharide, followed by 10 ug of adrenaline, per Kg. of body weight, 
as in the animals of the fourth group, and at the same time they received an oral administration 
of 1.5 Gm. of MgCl."6H,0O twice daily for 5 weeks. 

Treatment with MgCl. was begun 3 days prior to initiating the administration of polysac- 
charide and adrenaline, in order first to permit some degree of adaptation to this salt. It was 
very well tolerated. 

Bacterial Polysaccharide.—Bacterial polysaccharide was prepared from Shigella flexneri 2b, 
strain K3. The bacteria were cultured on the nutrient agar plate and the harvested cells were 
dried with acetone. The endotoxin was extracted from the dried bacteria, using 90 per cent phenol, 
followed by precipitation with ethanol. The precipitate was dried and purified by acetone frac- 
tionation as well as by starch zone electrophoresis. Thus, a purified endotoxin was prepared. 
The purified endotoxin was then dissolved with 1 per cent acetic acid and was hydrolyzed for 


Fig. 2,A.—Top: Cut surface of the heart of rabbit No. 88, which received 12 injections of bac- 
terial polysaccharide (50 uwg/Kg.) and adrenaline (10 uwg/Kg.) within 5 weeks. Several grayish-white, 
cloudy foci can be seen in various parts of the heart, with congestive portions of irregular black stripes. 
Bottom: Transmural myocardial infarct in the anterior wall of the left ventricle of rabbit No. 117, 
which received 12 injections of the bacterial polysaccharide (50 uwe/Kg.) and adrenaline (3 uwe/Kg.) in 
the course of 4 weeks. 
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Number 2 


| hours at 100° C., and from the supernatant of the hydrolyzate the polysaccharide fraction was 
prepared. The polysaccharide was freshly dissolved with physiologic saline to contain 200 ug 
to 1 c.c. in each experiment, and was administered into the vein of the ear. 

Adrenaline.—Adrenaline Sankyo was freshly dissolved in physiologic saline to contain 40 pug 
in 1 c.c. in each experiment, and was injected into the vein of the ear of the rabbits. 

The experiment was terminated by killing all surviving rabbits by air embolism at the end 
of 5 weeks. Among the animals of Group IV, treated with both polysaccharide and adrenaline, 
3 were sacrificed earlier, i.e., 4 weeks after the initiation of injection, because they began to be 
somewhat disinclined to feed; they were sacrificed immediately and one animal died 2 weeks after 
the initiation of the treatment from perforating ulcer of the stomach. Four were kept alive for 
5 weeks, and 5 for 12 weeks, and then all were sacrificed. 

Immediately after autopsy, the whole internal organs were fixed in neutral formalin and 
Carnoy’s fixative for subsequent histochemical demonstration. Each organ was weighed and 
observed macroscopically, and the ordinary pathologic exploration was carried out, using hema- 


Fig. 2,B.— Marked aneurysmatic dilatation of the apical parts of both ventricles due to myocardial 
necrosis in rabbit No. 85, which received 12 injections of bacterial polysaccharide (50 ug/Kg.) and adren- 
iline (10 ug/Kg.) within 5 weeks. C, Cut surface of the heart of rabbit No. 79, which received 12 injec- 
ions of the bacterial polysaccharide (50 ug/Kg.) and adrenaline (10 ug/Kg.) within 5 weeks, with con- 
‘urrent administration of MgClo.*6H2O (3 Gm./day), showing normal appearance, 
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toxylin and eosin, elastica-van-Gieson, toluidine blue, and Altmann-Kull’s mitochondrial stain. 
Altmann-Kull’s technique was found to be a very suitable method for determining the smal! 
coagulative degeneration of the myofiber of the myocardium. To demonstrate calcium, von 
Kossa’s silver nitrate technique was applied on the slide, slightly counterstained with hematoxylin 
and eosin, and in order to demonstrate fat deposition, Sudan III stain was also applied. 

The biological effect of the polysaccharide used in this experiment was tested for its effect 
on the blood. In rabbits it was revealed that the intravenous administration of 50 ug of the poly- 
saccharide induced a —35 to —70 per cent decrease in circulating platelets, from 30 minutes to 
2 hours after the administration, with recovery within 4 to 48 hours; it also induced a —25 to —60 
per cent decrease in circulating leukocytes, chiefly granulocytes, simultaneously with the de- 
crease in platelets, with recovery after 1 to 4 hours and an increase, and then a leukocytosis of 
12,000 to 15,000 per cubic millimeters was observed 2 to 4 hours after the administration. The 
erythrocytes showed a slight increase (+10 to +20 per cent) 30 minutes after the injection of 
polysaccharide, and then recovered 2 to 4 hours after. 

According to the electron microscopical investigation" the administration of 50 ug of the 
polysaccharide caused swelling of the endothelial cells of the capillaries and arteries of the myo- 
cardium and the appearance of platelet-leukocyte thrombi with electrodense plasma substance 
adhering to them. The subsequent administration of 10 ug of adrenaline per Kg. of body weight 
promoted the changes. 

Pyrogenicity of the polysaccharide was minimal. The intravenous administration of 50 ug 
of the polysaccharide per Kg. of body weight caused a slight elevation, 0 to 0.7° C., in the rectal 
temperature of the rabbits in the course of 1 to 3 hours after the administration. 

Adrenaline-Sensitizing Effect of the Polysaccharide Preparation.—The intradermal injection 
of 10 wg of adrenaline in 0.1 c.c. of saline, which was performed within 4 hours after the intra- 
venous injection of 50 wg of the polysaccharide per Kg. of body weight, induced hemorrhagic 
necrosis. 

Lethal Dose of the Polysaccharide Preparation.—Into 6 rabbits, 3,000 ug per Kg. of body weight 


of this preparation, and into 3 rabbits, 5,000 wg per Kg. of this preparation, were injected as a 
single shot; all survived. 

After the oral administration of MgCl, as described above, the administration of polysac- 
charide, 50 ug per Kg. of animal body weight, with or without the succeeding adrenaline adminis- 
tration, inhibited strikingly the effect of decreasing circulating platelets and leukocytes. 


RESULTS 

1. Control rabbits showed no lesions on gross and’ microscopical exami- 
nations of the artery and heart. 

2. As seen in Table I, animals treated with adrenaline alone showed 
no change indicating Ménckeberg’s sclerosis in the aorta. And in the heart 
there was no visible change except for a very few scattered coagulative necrotic 
foci of myofiber and fibrosis, shown by Altmann-Kull’s mitochondrial stain, 
which are scarcely recognizable microscopically. 

3. Animals treated with polysaccharide alone showed a slight change in 
the intima of the aorta in 2 of 5 animals, revealing a slight subendothelial fibro- 
blastic proliferation and swelling of the endothelial cells. In 3 of 5 animals a 
slight irregularity of the muscle fiber of the media was observed, and in 1 animal 
there was a slight edema. In all animals the elastofibrous thickening of the 
intima mentioned above was found in some of the medium-sized and small coro- 
nary arteries. In 3 of 5 the change was a little stronger, showing a subendothelial 
fibroblastic proliferation, deposition of metachromatic substance, and fragmen- 
tation of internal elastic membrane. In all 5 animals a slight thickening of the 
intima was also observed in some of the medium-sized arteries of the lung. 
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In the heart there were small visible infarct-like lesions in the papillar muscle 
of the left ventricle in 3 of 5 rabbits, and in all rabbits there were microscopically 
observable small, degenerative, and fibrotic foci scattered in the myocardium 
of the left ventricle, as shown in Fig. 1. In 2 of the 5 animals a microscopically 
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Fig. 3.—A, Marked intimal fibroelastosis, swelling and fragmentation of the lamina elastica interna, 
and slight irregular medial fibrosis of the arcus aortae, in rabbit No. 96, which received 8 injections of 
the bacterial polysaccharide (50 uwg/Kg.) and adrenaline (10 uwg/Kg.) within 2 weeks. (Elastica-hema- 
‘oxylin-eosin stain. Magnification 700.) 3B, Marked intimal fibrosis causing severe stenosis of the 
lumen at the branching part of a medium-sized coronary artery in rabbit No. 87, which received 12 
injections of the bacterial polysaccharide (50 ug/Kg.) and adrenaline (10 ug/Kg.) within 5 weeks. (Elas- 
\ica-hematoxylin-eosin stain. Magnification 150.) 
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recognizable small scar was found in the myocardium beneath the endocardium 
of the left ventricle, as seen in Fig. 1. Curiously enough there was an absencc 
of pathologic findings in the kidney, except for a slight fibrous intimal thickening 
of some of the arteries, even though the polysaccharide was administered re- 


peatedly. 


Fig. 4.—A, The initial stage of myocardial lesion, in rabbit No. 86, which received 12 injections of 
bacterial polysaccharide (50 ug/Kg.) and adrenaline (10 uwg/Kg.) within 4 weeks. Eosinophilic coagu- 
lative necrosis and/or vacuolar degeneration of the muscles are very marked, and the beginning of 
interstitial fibrosis can be seen. (Hematoxylin-eosin stain. Magnification X200.) B, The next stage of 
myocardial lesion, in rabbit No. 87. Early focal myocardial scars containing degenerated and atrophic 
muscle fibers are seen. (Hematoxylin-eosin stain. Magnification Xx 200.) 
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4. Animals receiving adrenaline, 3 or 10 wg per kilogram of body weight, 
following pretreatment with polysaccharide, showed severe changes of the artery 
and heart. As seen in Figs. 1 and 2,A all animals showed macroscopically visible 
large myocardial damage. In 1 of all 13 animals the wall of both ventricles be- 
came very thin because of myocardial degeneration, showing a giant heart 
aneurysm (Fig. 2,B). As in the third group of animals, various stages of de- 
generation of the myocardium (i.e., vacuolar, slight fatty degeneration, and 
coagulation necrosis of myofibers), myocardial fibrosis, and scars were observed. 
The animals which were kept alive for 12 weeks showed calcified scars. In con- 
trast with the severe damage to their hearts, these rabbits showed no macroscopi- 
cally visible changes of the aorta. Microscopically, the elastica stain of the aorta 
showed only the irregularity of the muscle fiber of the media and slight focal 
elastofibrosis of the media, but there was neither the granuloma nor necrotic 
foci which are common in Ménckeberg’s sclerosis. The intima showed a sub- 
endothelial fibroblastic proliferation, and/or slight increase of metachromatic 
substance and fragmentation of the internal elastic membrane. Such a change 
of the intima was especially strong at or near the branching points (Fig. 3,A). 


Fig. 4.—C, The final stage of myocardial lesion, in rabbit No. 3, which received 36 injections of 
the bacterial polysaccharide and adrenaline and remained alive for 12 weeks. Extensive myocardial 
scar with calcified necrotic musclesin the left ventricle, and interstitial fibrosis near the myocardium can 
also be noticed. (Hematoxylin-eosin stain. Magnification x 100.) 


The other arteries showed also a characteristic change which was observed 
in the former experiment. The most severe change was observed in the medium- 
sized, small coronary arteries and arterioles which penetrate the wall of the left 
ventricle, and was especially great at or near the points of bifurcation (Fig. 3,B). 
(n the contrary, the main coronary arteries showed a weaker change. The most 
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striking change of the coronary artery was the fibrous thickening of the intima 
similar to that of the aorta described above. Because of the thickening of the 
intima the lumen became narrow, but thrombosis could not be observed. The 
media showed a slight atrophy and histolytic edema in some cases. The ad- 
ventitia was somewhat fibrous. The change in the coronary artery outside the 
left ventricle was also conspicuous, but was far weaker. 

The artery, especially the medium-sized and small arteries of the lung, 
showed an elastofibrous thickening of the intima in some parts, as seen in the 
heart, although far weaker as compared with that in the coronary artery of the 
left ventricle; but in the kidney, liver, and other organs the artery showed also 
similar but minimal damage. The involvement of the other organs, excepting 
the heart and blood vessels, was not conspicuous. Here again the absence of 
macroscopically as well as microscopically recognizable change of kidney was 
noted. 

Only 1 animal showed a gastric ulcer in the middle of the wall of the lesser 
curvature of the stomach, and died due to perforation into the peritoneal cavity. 

5. Animals receiving adrenaline subsequent to pretreatment with poly- 
saccharide, and at the same time receiving MgCl: orally, showed visible myo- 
cardial damage in only 1 of all 6 animals. The other 5 animals had no grossly 
visible change of the heart and arteries (Fig. 2,C) except a very small foci in the 
papillar muscle in 2 of 5 rabbits. 

Microscopically, a few scattered degenerative and fibrotic foci in the myo- 
cardium beneath the endocardium of the left ventricle were observed. The me- 
dium-sized coronary artery showed a somewhat remarkable fibrous thickening of 
the intimal layer, but weaker as compared with that in the former group of ani- 
mals without MgCl, administration. The medium-sized and small arteries and ar- 
terioles of the lung showed also a slight fibrous thickening of the intima. But 
the artery of the other organs, and the aorta showed almost no change, except 
in 2 animals in which there was a slight irregularity of the medial muscle fibers 
of the aorta and a very slight intimal thickening of the aorta. The organs, ex- 
cepting the heart and blood vessels, were found to show no recognizable changes. 


DISCUSSION 

Since the investigation of Hueper,' some high molecular colloids have been 
known to induce atheroma-like lesions, and many researchers have explored 
the significance in atherogenesis of the state of aggregation of cholesterol in the 
plasma and of the physicochemical nature of the bloed lipid and lipoprotein. 
Especially should a series of investigations by Gofman"™: and his collaborators 
be noticed. 

But the appearance of myocardial lesions produced by using high molecular 
substances has not been reported until now. 

The most important finding in this experiment is the appearance of myo- 
cardial infarct-like lesions and arterial damage, especially of the intima, by the 
repetitious administration of bacterial polysaccharide alone or in combination 
with adrenaline injection. In another experiment by the authors,!® similar 
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changes were found to be produced using other high molecular substances— 
glycogen, dextran, and a suspensoid, kaolin. The damage to the artery and the 
heart seen in this experiment may not be the specific effect of the bacterial poly- 
saccharide, but rather, a common phenomenon induced by several high molecular 
substances. 

Similar damage to the artery and the heart were also produced in rabbits 
and rats by the authors employing the same procedure using several high mo- 
lecular substances with or without the subsequent administration of adrenaline; 
this will be reported upon elsewhere.'’ This evidence may suggest that the 
results obtained in the present experiment in rabbits are not species-specific 
phenomena. 

The dosage of bacterial polysaccharide used in this experiment was twice 
as high as that used in the former experiment,! and it had been confirmed in the 
other experiment by the authors that the administration of the polysaccharide 
applied in this experiment caused a precipitation of fibrinogen and clumping 
of platelets and leukocytes, as shown by Stetson,’ Walton,® and also by Landy 
and Shear®; the effect with the dosage used in the present experiment was suf- 
ficiently strong and was far stronger in cemparison with the dosage used in the 
former experiment.! 

Such a difference of the effect of the polysaccharide used in this and the 
former experiment might be reflected in the difference of the damage to the 
heart in each group of animals. 

It was also confirmed by the authors," using an electron microscope, that 
the endothelial cells of the capillaries and arteries of the myocardium showed 
a swelling and the adherence on them of an electrodense plasma substance and 
platelet-leukocyte thrombi after the single administration of the polysaccharide. 
The repetition of such a phenomenon may be considered to result in the damage 
to the blood vessels and the heart as seen in this experiment. 

In the additional findings with the electron microscope" the damage to the 
endothelial cells induced by the polysaccharide was found to be promoted re- 
markably by a subsequent administration of a smaller amount of adrenaline, 
as performed in this experiment. 

An apparent difference in the severity of the damage to the artery and the 
heart between two groups of animals, one treated with bacterial polysaccharide 
alone and the other with bacterial polysaccharide followed by the administration 
of adrenaline, was noted as the second important finding in this experiment. 
The damage to the heart and blood vessels was stronger in the latter group of 
animals even though the number of injections in the latter group was smaller 
than in the former group. 

It is well known that adrenaline and noradrenaline cause medial necrosis 
of the artery in rabbits, resulting in Ménckeberg’s sclerosis and myocardial 
damage. But as was seen, the dosage of adrenaline used in this experiment was 
not large enough to induce medial necrosis. Nevertheless, it promoted the 
appearance of damage of the artery and the heart by the polysaccharide. 

The lesion of the artery of the animals in this experiment seems to be due 
'n part to intravascular stress caused by the hemodynamics of the circulation 
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as modified by anatomic factors, because the damage to the artery was found 
to be severe in the artery exposed to intravascular hemodynamic stress. The 
strongest damage was found regularly in the artery of the myocardium of the 
left ventricle and especially at or near the points of bifurcation. Needless to 
say, adrenaline exaggerates the hemodynamic stress and exaggerates the in- 
juries of the endothelial cells, muscle fibers of the myocardium, and the blood 
vessels caused by the polysaccharide; on the other hand, it stimulates the ac- 
tivity of the muscle fiber of the blood vessels and the heart, resulting possibly 
in the appearance of excess metabolites which may cause increased adherence 
of the electrodense plasma substance and platelet-leukocyte thrombi on the 
swollen endothelial cells, as shown by the authors’ electron microscopic investi- 
gation." 

In the authors’ other experiment the administration of magnesium chloride 
applied in this experiment was shown to inhibit partially the effect of high molecu- 
lar substance on the blood of rabbits. The evidence obtained by Vitale,!* Hel- 
lerstein,!? Nakamura and associates,?° which showed the preventive effect of 
the magnesium compound on cholesterol atheromatosis in animals, may suggest 
some possible correlation of the mechanism involved in the genesis of cholesterol 
atheromatosis and arteriosclerosis produced by a high molecular substance in 
this experiment. However, the similar preventive effect of magnesium chloride 
as observed in the “‘infarctoid cardiopathy”’ by Selye?! may show the complexity 
of the problem involved. However, the morphologic changes observed by elec- 
tron microscopy,'! as well as the changes of the blood (described in detail in the 
preceding paragraph) due to the single injection of polysaccharide with or without 
the adrenaline, as performed in this experiment, were recently shown by the 
authors to be inhibited effectively by the oral administration of magnesium 
chloride. This preventive effect of orally administered magnesium chloride on 
the biological effect of the high molecular substance might minimize the damage 
due to the repetitious administration of polysaccharide with the adrenaline. 

Some of the high molecular substances are well known®-’ to cause intra- 
vascular coagulation of the blood, precipitation of fibrinogen, and clumping of 
the platelets as described above. Hypercholesterolemia is also well known to 
enhance the coagulability of the blood. The attack by such high molecular 
substances on the human being may be encountered under various conditions: 
infections, burns, traumatic injuries, antigen-antibody reactions, and even some- 
times through the ingestion of some high molecular substances. 

The intradermal injection of adrenaline in human beings was shown by 
the authors” to elicit hemorrhagic necrosis under various conditions, i.e., in- 
fections of various bacteria (including Shigella paradysenteriae, Shigella sonnei, 
Salmonella typhi, Salmonella paratyphi, Escherichia coli, and Bacillus diphtheriae), 
ileus, colitis, some cases of obstipation, allergic conditions, injuries including 
operation, burns, blood transfusion, some cases of hypertension, nephritis, and 
myocardial infarction similar to that in the animals which were under the effect 
of high molecular substances used in this experiment. Also, the ingestion o! 
such high molecular substance was found by the authors” to cause the same 
conditions in animals and human beings. 
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Under the stress of modern life the invasion of such high molecular sub- 
stances, whether of exogenous or endogenous origin, which cause damage to the 
blood vessels and the myocardium, may be considered to have a significance in 
the etiology of not only human arteriosclerosis but also of myocardial infarction, 
especially among people whose blood shows increased tendency to coagulate 
because of hypercholesterolemia and to infiltrate the cholesterol into the dam- 
aged intima. Here further investigation is needed. 


SUMMARY 


In rabbits the repetitious administration of a small amount of a high molecu- 
lar substance, i.e., bacterial polysaccharide prepared from a strain of Shigella 
flexneri 2b, which is capable of eliciting intravascular blood coagulation, pre- 
cipitating fibrinogen, clumping the platelets and leukocytes, inducing swelling 
of endothelial cells and the adherence on them of electrodense plasma substance 
and platelet-leukocyte thrombi, induced a subendothelial fibroblastic prolifer- 
ation, deposition of a metachromatic substance, and fragmentation of the in- 
ternal elastic membrane in the coronary artery and in some of the other arteries 
(e.g., of the lung), and grossly visible infarct-like lesions in the myocardium 
of the left ventricle and also microscopically recognizable scar and fibrotic and 
degenerative foci in the myocardium beneath the endocardium of the left ven- 
tricle. 

Repetitious administration of the bacterial polysaccharide in combination 
with subsequent administration of a small amount of adrenaline, which by itself 
induces no recognizable change of the blood vessels and the heart, except for a 
few and microscopically small degenerative foci in a limited area of the myo- 
cardium, induced visibly large infarct-like lesions in the myocardium of the left 
ventricle and strong damage to the artery, especially of the medium-sized and 
small arteries and arterioles located inside the myocardium of the left ventricle, 
as in the case of animals treated with polysaccharide, but far stronger. The 
aorta showed also a similar change in the intimal layer and slight irregularity 
in the medial myofibers. Otherwise, no sclerosis of the Ménckeberg type was 
found. The other organs, including the kidney, showed no recognizable change, 
except in one animal which showed gastric ulcer perforating into the abdominal 
cavity. 

The damage to the heart and the blood vessels, caused by the bacterial poly- 
saccharide, was considered as a common phenomenon induced by some of the 
high molecular substances, and not as a species-specific phenomenon. Such 
damage was reduced effectively by the concurrent oral administration of mag- 
nesium chloride. 

This article is dedicated to Prof. Horace W. Magoun of the University of California at Los 


\ngeles. The work was done with the kind collaboration of Prof. Miyamoto, Dr. Kariyone, 
Prof. Okada, Prof. Akiba, Prof. Ohta, Dr. Ohtsu, and Dr. Sano. 
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Hypoplasia of the Aorta: Report of a Case 


Kalevi Pyorala, M.D., Per-Erik Heikel, M.D., and Pentti I. Halonen, M.D. 
Helsinki, Finland 


Hypoplasia of the aorta has been defined by Abbot! as a condition in which 
the arterial vessels in the greater circulation remain abnormally small. This 
anomaly, first described by Morgagni,” in 1761, was well known to the clinicians 
of the nineteenth century. Until 1907, when von Ritook*® dealt with this sub- 
ject, some 100 cases had been reported. Surprisingly little attention has since 
been paid to aortic hypoplasia. Thereafter, only 20 cases have been reported 
in which hypoplasia of the whole aorta has been considered to be the cause of 
a fatal cardiac The name ‘‘aortic hypoplasia”’ 
is sometimes used for cases in which only part of the aorta is hypoplastic. Cases 
of this kind are not dealt with in this paper. 

The congenital etiology of aortic hypoplasia was first suggested by Meckel,?° 
in 1768. Rokitansky?’ and Wirchow® also considered aortic hypoplasia to be a 
congenital anomaly. According to Burke® and von Ritook,?* postnatal retarda- 
tion in the growth of the aorta is an important factor in the development of aortic 
hypoplasia. 

Normal measurements of the aorta vary according to age, sex, and consti- 
tution. The diagnosis of aortic hypoplasia must be based upon knowledge of 
normal lower limits. The most extensive work on normal aortic measurements 
at autopsy is probably that made by Kaufman"? during World War I. The fre- 
quency of aortic hypoplasia varies greatly in autopsy materials, which fact may 
be due to the differing criteria used. Aortic hypoplasia may also be overlooked 
sometimes, if special attention is not paid to it. Ikeda!® studied autopsy records 
of Minnesota University up to 1930, and found 8 cases of aortic hypoplasia in 
14,305 autopsied cases. Peculiarly, all of these 8 cases were diagnosed before 
1917. Five of these patients had a hypoplastic heart, 2 showed a slight hyper- 
trophy of the ventricles, and 1 had a ventricular septal defect. None of them 
had died of heart failure. Werley, Waite, and Kelsey*! have also pointed out that 
1 hypoplastic aorta, without any signs of heart failure, is sometimes observed at 
autopsy. These writers found 25 recorded cases of aortic hypoplasia in the 4,500 
autopsies performed by the Department of Pathology of the University of Texas. 
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Five of these 25 cases had associated anomalies. Only 4 of them showed cardia: 
enlargement. Apparently, hypoplasia of the aorta as a coexisting anomaly i: 
congenital cardiovascular diseases is not rare. In 1,000 autopsied cases of con- 
genital heart disease reported in the literature, Abbot® found 75 cases in which 
aortic hypoplasia was associated with other cardiovascular anomalies, but onl) 
2 cases of isolated hypoplasia of the aorta. Aortic hypoplasia is not uncommon 
in cases of coarctation of the aorta. Ina study of 200 recorded cases of coarcta- 
tion of the aorta, Abbot? found 21 cases in which aortic hypoplasia was mentioned 
as an associated finding. 

Most of the cases of isolated aortic hypoplasia reported in the literature 
have occurred in males. In the cases in which a fatal cardiac failure has been 
attributed to aortic hypoplasia, the symptoms of cardiac failure have appeared 
rather rapidly at the age of 15 to 30 years. In some cases, death has occurred 
suddenly, without any preceding symptoms of cardiac failure. 

Hypertrophy of the left ventricle, often remarkable and associated with 
dilatation, has been the most frequent autopsy finding in cases of aortic hypo- 
plasia. Right ventricular hypertrophy, with or without dilatation, has also 
frequently been observed in these cases. In some cases, however, a hypoplastic 
heart has been observed. In the 2 cases reported by Habay™ and de Mey” the 
left ventricle was hypoplastic, whereas the right ventricle showed a marked 
hypertrophy. 

The clinical diagnosis of aortic hypoplasia has been made in only a few cases. 
Before x-ray examination came into use, the diagnosis of aortic hypoplasia, 
later verified at autopsy, was made in some cases on the basis of clinical find- 
ings.®"? Stoerk,?® in 1912, called attention to the small size of the aortic shadow 
at x-ray examination in cases of aortic hypoplasia. This finding led to a correct 
clinical diagnosis in one of the cases reported by Werley, Waite and Kelsey.® 

Modern cardiological methods, especially angiocardiography and aortog- 
raphy, are the most exact means for the clinical diagnosis of aortic anomalies. 
However, despite the present widespread use of these methods in the study of 
cardiovascular diseases, only little attention has been paid to hypoplasia of the 
aorta. Bulgarelli* reported a case in which hypoplasia of the aorta was demon- 
strated by angiocardiography. Additional findings in this case were an infun- 
dibular aortic stenosis and hypoplasia of the pulmonary artery. Catheterization 
showed a pressure of 160/10 mm. Hg in the right ventricle. Basso and di Paolo’ 
reported a case in which an isolated aortic hypoplasia, later verified at autopsy, 
was diagnosed by angiocardiography. The purpose of this paper is to report a 
case of aortic hypoplasia studied by catheterization of the right heart and by 
angiocardiography. This case is especially interesting, because it showed some 
clinical features simulating aortic coarctation. 


CASE REPORT 


A 6-year-old boy was first admitted to the Hospital of the Wihuri Research Institute on Nov 
16, 1949. 

The mother of the boy had been well during the pregnancy. The younger sister and brother 
of the patient were healthy. The birth weight of the patient was 2,500 grams. After birth the 
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child was weak and could not suckle. Teeth appeared at the usual age. He began to talk in his 
second year and learned to walk at the age of 2 years. The mental development of the child was 
clearly retarded. On physical exertion he tired more readily than other children of the same age. 
A heart murmur was detected when the child was 4 months old. The murmur had been so loud 
that it was sometimes heard at a distance. 

Physical examination on admission revealed a thinly built boy, who had no cyanosis or club- 
bing. The heaving apex beat was felt in the normal place. Both carotid arteries showed a visible 
pulsation, which was also observed at both infraclavicular areas. A gross systolic thrill was 
felt at the right sternal border in the second intercostal space, at both infraclavicular areas, and 
along both carotid arteries. A Grade 5 systolic ejection murmur was best heard above the sternum 
at the level of the second intercostal space. The murmur was transmitted over the entire pre- 
cordium, to the neck, and also to the back. A short systolic bruit was heard on both brachial 
arteries, along the abdominal aorta, and on both femoral arteries. Peripheral arterial pulsations 
were somewhat weaker in the right upper limb than in the left. Pulsations of both femoral ar- 
teries, as well as the more peripheral pulsations in both lower limbs, could be felt well. The blood 
pressure (mm. Hg) was 160/60 in the right arm, 200/50 in the left arm, 140/60 in the right leg, 
and 130/60 in the left leg. No pulsations could be felt in the intercostal spaces. No pulmonary 
rales were heard, and the liver was not enlarged. The hemoglobin was 12.8 Gm. per 100 ml., 
and the hematocrit was 44 per cent. 

X-ray examination of the chest showed no abnormalities of the ribs. The heart was of normal 
size and shape (total volume, 180 c.c. = 320 c.c./sq. M. of body surface). No aortic knob could 
be seen. The pulmonary arterial segment, hilar shadows, and peripheral vascularity of the lungs 
were normal. 

The electrocardiogram (Leads I, II, III, and CR,) showed a sinus rhythm with a frequency 
of 95 per minute. The duration of P wave was 0.08 sec., P-R time was 0.11 sec., the duration of 
the QRS complex was 0.07 sec., and the Q-T time was 0.29 sec. AP was +75°, AQRS was +100°, 
AT was —50°. The P wave was notched in Leads I and CR;. The S-T segment was depressed 
and the T wave negative in Leads II and III. 

A presumptive diagnosis of aortic coarctation was made on the basis of blood pressure find- 
ings. The parents were advised to bring the child for a new examination some years later. 

The boy was seen for the second time on April 1, 1955, at the age of 12 years. He still had 
slight dyspnea on exertion. At the age of 9 he had learned to write and read a little. 

The findings on physical examination were essentially the same as those on the first admis- 
sion. The blood pressure (mm. Hg) was 200/90 in the right arm, 220/90 in the left arm, 150/90 
in the right leg, and 140/90 in the left leg. X-ray and electrocardiographic findings had remained 
unchanged. 

The patient was admitted to the hospital for a new examination on Aug. 8, 1957. The dyspnea 
on exertion had become somewhat worse during the last 2 years. 

Findings on physical examination were the same as before. The boy’s height was 156 centi- 
meters, and his weight was 43 kilograms. The blood pressure (mm. Hg) was 190/80 in the right 
arm, 205/80 in the left arm, 160/90 in the right leg, and 150/90 in the left leg. According to the 
psychiatrist’s opinion, the intelligence of the boy corresponded to that of a 6-year-old child. 

Ophthalmoscopic examination revealed extremely narrow, but otherwise normal retinal ar- 
teries which showed no pulsations. The fundi showed no other abnormalities. 

The hemoglobin was 12.1 Gm. per 100 ml., and the hematocrit was 42 per cent. The serum 
cholesterol was 208 mg., and the nonprotein nitrogen was 20 mg. per 100 ml. The rine gave 
negative test for albumin, and the urinary sediment showed nothing abnormal. Concentration 
and dilution tests gave normal results. Urinary excretion of catechol amines was 50 yg during 
24 hours. The I"! uptake of the thyroid was normal. 

X-ray examination of the chest (Fig. 1) showed no notching of the ribs. The heart was of 
normal size and shape (430 c.c. = 380 c.c./sq. M. of body surface). The aortic knob could net 
even now be seen with certainty. The thoracic aorta seemed to be very narrow even in all oblique 
views. 

Urography revealed no abnormalities in the kidneys or ureters. The skeletal age of the 
»atient corresponded to his physiologic age. 
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The electrocardiogram (Fig. 2) showed a sinus rhythm with a frequency of 95 per minute 
The duration of the P wave was 0.10 sec., P-R time was 0.14 sec., the duration of the QRS complex 
was 0.07 sec., and the Q-T time was 0.30 sec. The position of the heart was vertical, with clock 
wise rotation. AP was +45°, AQRS was +105°, and AT was —75°. The P wave was notched in 
Leads I, aV,, and V2-Vs. A qRr’s type of complex and a negative T wave were observed in Lead 
V;. R/S was 12/48 in Lead V;, 23/40 in Lead V., 30/13 in Lead V;, and 26/2 in Lead V5. _Intrinsi- 
coid deflection time was 0.04 sec. in Leads V; and Vs. The T wave was negative in Lead V 
The electrocardiographic findings were interpreted as suggesting left ventricular hypertrophy. 


Fig. 1.—Posteroanterior chest film showing a heart of normal size. The aortic knob is absent. 


Phonocardiograms showed an ejection-type systolic murmur over the entire precordium 
(Fig. 3). The second sound at the pulmonary area was closed in expiration and showed a splitting 
of 0.04 sec. in inspiration. The amplitude of the pulmonary component of the second sound was 
about half that of the aortic component. Indirect carotid tracing showed an anacrotic notching 
and a slight delay of the upstroke of the pulse wave (Fig. 3). The incisura was not clearly defined. 
The time from the onset of the pulse wave to the beginning of the sharp downstroke was 0.20 sec. 
The onset and peak of the pulse wave in the simultaneously recorded indirect femoral tracing 
occurred 0.05 sec. later than the corresponding events in the carotid pulse. 

Velocity ballistocardiogram recorded with an electromagnetic apparatus of the Dock type 
showed normal H-I-J-K complexes with great respiratory variations. 

Right heart catheterization was performed under a slight barbiturate premedication. The 
oxygen content of the blood in the venae cavae, right atrium, right ventricle, and pulmonar, 
artery varied from 13.5 to 13.8 volumes per cent (Oz saturation, 73 to 75 per cent). Oxygen satura- 
tion in the femoral artery was 97.5 per cent (oxygen content, 17.6 volumes per cent). The meai 
pulmonary artery wedge pressure was 7 mm. Hg, pulmonary arterial pressure was 30/5 mm. Hg 
right ventricular pressure was 30/0 mm. Hg, right atrial pressure was 3/0 mm. Hg, and the pres 
sure in the right femoral artery was 120/70 mm. Hg. Oxygen consumption was 206 c.c. per minute 
Cardiac output, determined according to the Fick principle, was 5.43 L./min. = 4.81 L./min./M. 
of body surface. Cardiac output was also determined by the dye-dilution method. The dy: 
(T-1824) was injected into the right antecubital vein, and the collection of blood samples wa 
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made from the right femoral artery. Cardiac output determined by this method was 5.86 L./min. 
- 5.19 L./min./M.? of body surface. The blood volume was 4.40 L. = 3.89 L./M.? of body surface. 
The dye-dilution curve showed an appearance time of 4 sec., a peak concentration time of 9 sec., 
and a systemic recirculation time of 17 sec. The shape of the dye-dilution curve was normal. 


‘ 
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Fig. 2.—Electrocardiogram showing left ventricular hypertrophy. 


Fig. 3.—Logarithmic phonocardiogram from the aortic area, with indirect carotid and femoral 
tracings. Ejection-type systolic murmur with anacrotic notching and slight delay of the upstroke of 
the carotid pulse. The femoral pulse is not abnormally delayed as compared with the carotid pulse. 


Because hypoplasia of the aorta was suspected on the basis of the absence of the aortic knob 
'n x-ray pictures, angiocardiography was performed by placing the catheter tip in the superior 
vena cava. Angiocardiograms showed a right atrium and right ventricleof normal sizeand shape. 
rhe ventricular septum bulged remarkably to the right. The main pulmonary artery and its 
branches were of normal size (Fig. 4,4). The pulmonary veins showed nothing abnormal and 


J 
5 
e 
it 
T ase 
E 
sere 
cesses 
See. “ess 
\ 


Am. Heart |} 


294 PYORALA, HEIKEL, AND HALONEN February, 195 


drained to the left atrium, which was of normal size. The left ventricle was somewhat dilate:| 
and its wall seemed to be hypertrophic. The size of the left ventricular infundibulum was normal. 
The apparently normal aortic valve was located somewhat higher than usual. The aorta wa 

extremely narrow immediately beyond the valve. The whole aorta was uniformly hypoplastic 
so far as it could be followed in the angiocardiograms (Fig. 4,8). The diameter of the aorta meas- 
ured from the films was 9 mm. just above the aortic valve. This corresponds to a corrected 
value of 8 mm. when the magnifying factors are taken into account. The corrected diameter was 
8 mm. in the middle of the descending aorta, and 8 mm. at the level of the first lumbar vertebra. 
The corrected diameter of the main pulmonary artery just above the pulmonary valve was 24 mm. 


Fig. 4.—Right anterior oblique angiocardiograms. -.A, A film taken during systole, 2.0 sec. after 
the beginning of the injection. Right atrium, right ventricle, and pulmonary arterial tree are filled with 
contrast. The pulmonary artery and its branches are of normal size. 3B, A film taken during systole 
5.2 sec. after the beginning of the injection. Left atrium, left ventricle, and aorta are filled with contrast 
The aorta is seen to be extremely hypoplastic. 


DISCUSSION 


In the case reported, hypoplasia of the aorta was suspected because the aortic 
shadow could not be seen at x-ray examination. Angiocardiograms revealed 
a remarkable aortic hypoplasia. The diameter of the aorta was considerably 
below the normal values observed in the angiocardiographic studies of Dotter: 
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and Steinberg."' The systolic ejection murmur and abnormalities in the up- 
stroke of the carotid pulse may be caused by the stenosis formed by the hypo- 
plastic aorta to the left ventricular outflow. The finding of extremely narrow 
retinal arteries on ophthalmoscopy is an interesting clinical feature. As early 
as 1894, von Grész' pointed out the significance of this sign in the diagnosis of 
the hypoplasia of the arterial system. 

The blood pressure has been mentioned in 15 cases of aortic hypo- 
plasia.4-§:10-16,22,30.31 [ow normal values or distinctly low pressures were observed, 
except in 2 cases!?*! in which an increased pulse pressure was found. Most of 
the patients had a congestive heart failure at the time of examination. In our 
case the systolic pressure was considerably increased, whereas the diastolic 
pressure was normal. Determination of cardiac output and blood volume gave 
values somewhat higher than normal values in our laboratory. Hyperkinetic 
circulation in a hypoplastic arterial system might explain the increased pulse 
pressure in our case. Experimental!* and clinical® observations have shown that 
the systolic pressure in the peripheral arteries of the limbs is often distinctly 
higher than that in the aorta. Therefore, no certain conclusions on the central 
arterial pressure can be drawn on the basis of indirect measurements of the ar- 
terial pressure in the peripheral arteries of the limbs. It may be assumed, how- 
ever, that the left ventricular pressure must be elevated in order to expel the 
blood through the hypoplastic aorta when a cardiac output of normal magnitude 
is to be maintained. 

In the case reported the systolic pressure in the lower limbs was lower than 
that in the upper limbs. This finding first led us to a diagnosis of aortic coarcta- 
tion. The blood pressure in the lower limbs is mentioned in 2 cases of aortic 
hypoplasia. In the case described by Valentine and Nicholl*® the blood pressure 
was 130/80 mm. Hg in the upper limbs and 110/70 mm. Hg in the left leg, and 
could not be measured in the right leg. At autopsy the hypoplastic aorta showed 
progressive narrowing beyond the origin of the thoracic and abdominal branches, 
and the right common iliac artery showed an anomalous origin from the right 
spermatic artery. In the case reported by Basso and di Paolo’ the blood pressure 
was 125-130/70 mm. Hg in the upper limbs and 140-145/70 mm. Hg in the lower 
limbs. In our case the exact anatomy of the lower abdominal aorta and iliac 
arteries is not known, because these were not seen in angiocardiograms. Aor- 
tography was not considered justified, because it was clear that surgical treat- 
ment of this case would have been impossible. 


Electrocardiographic findings in our case suggested hypertrophy of the left 
ventricle. Electrocardiographic findings including unipolar precordial leads have 
been mentioned in 5 cases of aortic hypoplasia. In the case reported by Del- 
court, Denolin and Lequime’® the electrocardiogram showed a partial atrio- 
ventricular block and a complete left bundle branch block, and in the case de- 
scribed by Alvino‘ atrial fibrillation and a complete left bundle branch block were 
observed. In the case reported by Basso and di Paolo’ the electrocardiogram 
suggested left ventricular hypertrophy. The 2 cases described by Habay™ and 
de Mey,” in which hypoplasia of the aorta was associated with hypoplasia of 
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the left ventricle and remarkable hypertrophy of the right ventricle, showed 
electrocardiographic signs of right ventricular hypertrophy. These 2 cases may 
be closely related to the syndrome “‘grosse pulmonaire-petite aorte’’ of the French 
writers.'® In the case described by Bulgarelli* aortic hypoplasia was associated 
with infundibular aortic stenosis and hypoplasia of the pulmonary artery, and 
catheterization showed a greatly increased right ventricular pressure. In this 
case the electrocardiogram showed a combined ventricular hypertrophy. 

Autopsy findings in cases of aortic hypoplasia suggest that hypoplasia of 
the aorta of extreme degree causes a strain on the left ventricle, resulting in left 
ventricular hypertrophy and failure, which is apparently followed by passive 
pulmonary hypertension and right ventricular hypertrophy. Hemodynamic 
disturbances caused by aortic hypoplasia have not been studied by modern 
cardiological methods. In our case, catheterization of the right heart revealed 
normal hemodynamics in the pulmonary circulation. Angiocardiography showed 
a normal right ventricle and pulmonary artery and a somewhat dilated and ap- 
parently hypertrophic left ventricle. The physical disability of the patient was 
still rather slight. 

Aortic hypoplasia should be considered as an etiological factor of obscure 
cardiac hypertrophy and failure in young individuals. It should also be in- 
cluded in the differential diagnosis in cases of congenital heart disease. Cases 
of aortic hypoplasia may sometimes show features simulating coarctation of the 


aorta. 


SUMMARY 


A case of solitary hypoplasia of the aorta in a 14-year-old boy is reported. 
The suspicion of aortic hypoplasia was aroused by the absence of the aortic 
knob at x-ray examination. Angiocardiography showed an extreme hypoplasia 
of the aorta. Catheterization of the right heart revealed normal hemodynamics 
in the pulmonary circulation. 

The systolic blood pressure in the arms was remarkably elevated, but the 
diastolic pressure was normal. The systolic pressure in the legs was lower than 
that inthearms. This finding first led to the diagnosis of coarctation of the aorta. 
An interesting clinical feature was the finding of extremely narrow retinal ar- 
teries on ophthalmoscopy. 

Aortic hypoplasia should be considered in the differential diagnosis in cases 
of obscure cardiac failure in young individuals and in cases of congenital heart 


disease. 
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Isolated Congenital Pulmonic Valvular Regurgitation 


B. L. Lendrum, M.D., and A. B. Shaffer, M.D., Chicago, Ill. 


Congenital pulmonic valvular regurgitation, unassociated with other car- 
diovascular lesions, is rare. Only nine cases, in which the diagnosis was made 
antemortem by means of cardiac catheterization or at surgery, are recorded in 
medical literature.'-*:* The long-term prognosis of this lesion is unknown, and 
since most patients observed have been asymptomatic, the apparently benign 
nature of the lesion has been stressed. Certain clinical, anatomic, and hemody- 
namic studies, involving experimentally produced pulmonic regurgitation in 
dogs, likewise emphasize the apparent absence of symptoms and physiologic 
handicap due to the lesion.*'° Reports of two patients with apparently uncom- 
plicated isolated pulmonic valvular regurgitation who did have symptoms,*® 
together with several recent experimental studies indicating that right ventricular 
dilatation and even congestive failure can follow production of severe pulmonic 
valvular regurgitation,''-" suggest that the lesion is not always benign. 

Because of its rarity, and because certain hemodynamic aspects of the lesion 
have been inadequately considered in the past, the following report of a case of 
isolated congenital pulmonic valvular regurgitation is submitted. 


CASE REPORT 


R. A., a 16-year-old white boy, previously in good health, was admitted in March, 1958, 
with a diagnosis of moderately severe diabetic acidosis of sudden onset. He was known to have 
had a heart murmur in infancy. The presence of this murmur and an electrocardiogram inter- 
preted as abnormal led to his referral for cardiac work-up following control of the diabetes. There 
was no history suggestive of acute rheumatic fever, nor was there a striking incidence of infection 
of the upper respiratory tract. Growth and activity were normal, and he participated in vigorous 
competitive sports. Review of cardiovascular symptoms was negative. 

The patient appeared to be of stated age, was 6 feet tall, and weighed 115 pounds. The pulse 
rate was 64 per minute, and the respiratory rate was 18 per minute. The blood pressure was 120/70 
mm. Hg in both arms, and 120/60 mm. Hg in both legs. The remainder of the examination was 
negative except for cardiac findings. There wasa faint systolic thrill in the second left intercostal 
space near the sternum. A Grade 2 to 3, harsh systolic murmur was best heard in this location 
and radiated down the left sternal border. A somewhat more intense, harsh, early diastolic de- 
crescendo murmur was also heard maximally in the second left intercostal space parasternally 
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[he second heart sound in the pulmonary area was of normal intensity, and was distinctly, possi- 
bly abnormally, split. There were no other positive findings referable to the cardiovascular system. 

X-ray examination (Fig. 1) revealed a heart of normal size, with no specific chamber ab- 
normality in any projection. The aortic knob was small. The lung fields were of normal vas- 
cularity. The main and left pulmonary arteries were prominent. On fluoroscopy, these vessels 
pulsated vigorously and there was a suggestion of hilar dance. The electrocardiogram was sug- 
gestive of incomplete block of the right bundle branch system (Fig. 2). A diagnosis of isolated 
pulmonic valvular regurgitation, presumably congenital, was made. 

The results of right heart catheterization are shown in Table I. There was no demonstrable 
shunting of blood in either direction. The right ventricular systolic and end-diastolic pressures 
were at the upper limits of normal (Fig. 3). The systolic pressure of the main pulmonary artery 
was about 12 mm. Hg below that of the right ventricle, while the end-diastolic pressure of the 
pulmonary artery closely approximated that of the right ventricle. This close approximation of 
end-diastolic pressures in the right ventricle and in the pulmonary artery is characteristic of 
pulmonic valvular regurgitation.’ The pressure curve recorded from the pulmonary artery near 
the pulmonic valve (Fig. 4) showed the steep dicrotic slope which is also referred to as charac- 
teristic of pulmonary valvular regurgitation. The “whippiness” of the pulmonary arterial curve, 
probably due to the proximity of the catheter tip to a site of turbulent flow, precluded identifica- 
tion of the dicrotic notch. The systolic gradient across the pulmonary valve might be due to a 
mild organic pulmonary stenosis with predominating regurgitation,’ or, more likely, to a relative 
pulmonic stenosis. The systolic gradient across the pulmonary valve noted in this case has been 
described in both clinical and experimental pure pulmonary regurgitation.* This could be caused 
by a high velocity of flow through a pulmonary valve of normal cross-sectional area, as the right 
ventricle ejects the abnormally large stroke volume, consequent to the regurgitation. This phe- 
nomenon is also frequently encountered in association with the greatly increased total pulmonary 
flow in many cases of large intracardiac left-to-right shunt. 


TABLE I. CATHETERIZATION DATA OF PATIENT R. A. 


BLOOD OXYGEN BLOOD PRESSURE (MM. Hg) 
CATHETER LOCATION CONTENT (VOL. %) SYSTOLIC/DIASTOLIC (MEAN) 


Inferior vena cava 


Superior vena cava 


Right atrium 


Right ventricle 


Main pulmonary artery 


Right pulmonary artery 


Right pulmonary artery wedge 


content 

Brachial artery | 115/80 
capacity 
saturation 


| 
10.4 
10.6 
high 11.8 
mid 11.4 
(7) 
low 1.3 
low 11.4 
apex 11.4 
32/ 8 
mid 11.4 
11:6 
Pl 20/ 9 (15) 
11.4 
pO 10.9 18/10 (15) 
14.1 (10) 
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Dye dilution curves (Figs. 5 and 6) confirmed the presence of pulmonic valvular regurgita- 
tion. The passage of T-1824 dye, following injection into various parts of the lesser circulation 
in rapid succession, was recorded by means of an ear oximeter. The dye curve following injection 
into a branch of the pulmonary artery beyond the apparent “sphere of influence” of the regurgitant 
valve was within normal limits. Dye curves following injections into the right atrium and ven- 
tricle were similar to each other, but demonstrated a lower peak concentration and a more pro 
longed rate of decline than was the case in the pulmonary arterial curve. The latter two dye 
curves were of a form characteristic of valvular regurgitation between the sites of injection and 
sampling of the dye." This, with the normal dye curve from the pulmonary artery, localizes 
regurgitation to the pulmonary valve. The normal pulmonary arterial dye curve also rules out 
the presence of a left-to-right shunt, which deforms dye curves in a manner similar to valvular 
regurgitation. 


Fig. 1.—Posteroanterior teleroentgenogram of the chest. Note normal heart size and normal pulmonary 
vascularity. The pulmonary artery and its main branches are prominent. 


DISCUSSION 


Our 16-year-old patient had no symptoms referable to his pulmonic valvular 
regurgitation and led an active life which included highly competitive sports. 
A 7-year-old boy reported by Kjellberg and associates,' three children mentioned 
by Nadas,‘ and a 24-year-old medical student studied by Kezdi,? all were like- 
wise asymptomatic. All were studied by cardiac catheterization. No shunts 
were demonstrated. Systolic pressure levels in the pulmonary artery and right 
ventricle were normal. All had below normal pulmonary arterial diastolic pres- 
sures approximating the right ventricular diastolic levels. The clinical picture, 
insofar as presented, resembled that of our patient. These cases comprise a 
group of asymptomatic young patients. 


Morton and Stern* report a 20-year-old woman with typical clinical and 
catheterization findings of isolated pulmonic valvular regurgitation who was 
asymptomatic until her early teens, when mild, but persistent, symptoms o! 
dyspnea, dizziness on exertion, and fatigability appeared. At rest, pulmonary 
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hypertension was absent and pulmonary vascular resistance was normal, as was 
the cardiac index. There was no apparent chronic pulmonary disease process, 
although acute episodes of “pleurisy’’ and pneumonia, respectively, occurred 
at age 15 and 20 years. 


The diagnosis on all these patients was based on clinical and cardiac cathe- 
terization findings. The nature and size of the pulmonary valve defect remains 
unknown. Data on three additional patients, on whom surgical exploration or 
postmortem examinations were done, are also available. Brief reference to a 
14-year-old boy who had been explored and found at surgery to have ‘‘destroyed 
pulmonary valves’”’ is made by Ehrenhaft in discussing experimentally produced 
pulmonic valvular insufficiency.’ This patient had had noted shortness of breath 
and decreased exercise tolerance since the age of 4 years. Reference is made to 
a cardiac catheterization study in which shunts were presumably not demon- 
strated, and which revealed a right ventricular pressure of 50/7 and a left pul- 
monary arterial pressure of 27/10 mm. Hg. Thus, a 20 mm. Hg systolic pres- 
sure gradient was present despite absent pulmonic valves. 


Fig. 2.—ECG suggestive of incomplete right bundle branch system block. 


Another case report refers to a 46-year-old woman who had been asympto- 
matic until 43 years of age, and who then developed progressive exertional 
dyspnea, orthopnea, mild cyanosis on exertion, and severe right heart failure.® 
Cardiac catheterization studies revealed pulmonary systolic hypertension (75 
mm. Hg), and greatly increased pulmonary vascular resistance, as well as right 
heart failure. The pressures in the pulmonary artery and right ventricle at end- 
diastole were equal, though elevated, as measured on the published curves. At 
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surgery for presumptive constrictive pericarditis (not present) a regurgitant jet 
from the pulmonic orifice was felt in the right ventricle during diastole. At 
autopsy the pulmonic valve was found to be bicuspid and malformed. Severe 
pulmonary emphysema and moderate pulmonary fibrosis, as well as pulmonary 
arteriosclerosis and hyaline necrosis, were also reported. <A primary pulmonary 
disease process unrelated to the heart disease was considered to have produced 
the pulmonary hypertension, which, in turn, aggravated the pulmonary valvular 
regurgitation. The nature of this disease process is not evident. It is conceivable 
that the pulmonary changes may even have been secondary to the valvular lesion 
(see below). 


| 


Fig. 3.—Right ventricular pressure curves at rest. Pressure levels are at the upper limits of normal 


Ford and associates® describe a patient with clinical and hemodynamic 
evidence of pulmonary valvular regurgitation with normal right ventricular and 
pulmonary systolic pressures at rest, who at autopsy was found to have a mal- 
formed bicuspid valve. This patient had been observed during a severe pul 
monary tuberculosis infection which resulted in generalized pulmonary fibrosis. 
She developed dyspnea and signs of right heart failure, and died suddenly. 
presumably in ventricular fibrillation. 
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A cardiac catheterization study on a 45-year-old woman who, at age 18, 
acquired pulmonary regurgitation during a classical gonococcal endocarditis 
was reported by Olesen and Fabricius.'® After a year of subacute infection the 
patient slowly recovered. At age 26, dyspnea on exertion was noted together 
with precordial pain; at age 42, right heart failure occurred. Normal right 
ventricular and pulmonary arterial systolic pressures at rest were noted. The 
diastolic pressure of the pulmonary artery was 0, as was that of the right ven- 
tricle. 

Consideration of our case and the clinical reports in the literature permit 
a tentative conclusion that in youth an isolated, but dynamically significant, 
pulmonic valvular regurgitation is, as a rule, well tolerated. Since no long- 
term observations on individual patients are available, the prognosis of the lesion 
is uncertain. Morton’s case suggests that symptoms may develop in patients 
with long-standing severe pulmonic valvular lesions in the absence of apparent 
complications. It would seem that ‘‘cardiac reserve’ is reduced, and the ad- 
ditional burden imposed on the right ventricle by another disease process, such 
as pulmonary parenchymal disease, may lead more readily to right heart failure. 
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Fig. 4.—Main pulmonary arterial pressure curves. Note that the end-diastolic pressure is approx- 
imately that in the right ventricle, and that the dicrotic slope is steep. These two features are charac- 
teristic of dynamically significant pulmonic valvular regurgitation. The small systolic gradient between 
the right ventricle and pulmonary artery is discussed in the text, and does not necessarily imply that 
organic stenosis of the pulmonic valve is present. 


Experimental studies involving the production of pulmonary valvular 
regurgitation in dogs lead one to conclude that a small defect is well tolerated 
without symptoms,?:!° for many months at least. Induced pulmonary hyper- 
tension, in the presence of a small lesion, increases the regurgitation.’® Other 
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experimental studies, however, suggest that a severe long-standing lesion might 
result in right heart failure without an additional disease process. Complete 
excision of the pulmonary valves in dogs resulted in definite right ventricular 
dilatation and hypertrophy."-" The ratio of right ventricular to left ventricular 
heart weight was definitely increased in the study reported by Ratcliffe and asso- 


Fig. 5.—Normal dye dilution curve obtained by injecting, at the time indicated by the arrow, 
15 mg. of Evans blue dye into a branch of the main pulmonary artery, with the catheter tip well beyond 
the pulmonic valve. Note the normal contour and clearly apparent recirculation of dye. Time lines 
are at 1-second intervals along the abscissa. The ordinate is proportional to the concentration of dye 
detected by an ear oximeter. Arrival time is 8 seconds, build-up time is 8 seconds, and disappearance 
time is 10 seconds, 


Fig. 6.—Dye dilution curve obtained by injecting 15 mg. of Evans blue dye into the right ventricle. 
It shows no significant difference in arrival and build-up times as compared to Fig. 5, but a significantly 
lower peak concentration of dye and a prolonged disappearance time. These features are characteristic 
of valvular regurgitation. Arrival time is 10 seconds, build-up time is 7 4% seconds, and disappearance 
time is 15 seconds. 
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ciates,” in which 13 dogs were observed up to 10 months after total extirpation 
of the valves. Kay and Thomas" studied 15 dogs with total extirpation of the 
pulmonic valves and performed cardiac catheterization on them up to 27 months 
postoperatively. They did not report heart weights but found four greatly di- 
lated right ventricles, and all others were dilated to a lesser degree. One of their 
dogs died of right heart failure after 8 months. Of considerable interest is their 
finding of right ventricular systolic hypertension. Ten dogs had systolic pres- 
sure greater than 50 mm. Hg, and in 3 cases it was above 90 mm. Hg. The dog 
that died of right heart failure had a pulmonary arterial pressure of 75/20 mm. 
Hg several weeks prior to death. Ten of the 13 dogs with total excision of the 
pulmonic valve reported by Kay and Thomas were found to have dilated pul- 
monary arteries and arterioles although no arteriosclerosis or medial hyper- 
trophy had developed. It is probable that the latter changes could have occurred 
in the dogs with pulmonary systolic hypertension if they had lived long enough. 


Hemodynamically, uncomplicated interatrial septal defect and uncom- 
plicated absence of the pulmonic valve leaflet produce similar effects on the right 
ventricle, and one might anticipate a similar clinical course, leading to right heart 
failure, with or without pulmonary hypertension, in middle adult life.!7"8 If 
this train of events is eventually established by study of additional patients with 
dynamically significant valvular pulmonic regurgitation, two practical conse- 
quences become apparent. First, great care must be taken to avoid producing 
regurgitation during surgery for pulmonic stenosis; and secondly, surgery to 
construct competent pulmonic valves would be desirable in cases of isolated 
pulmonic valvular regurgitation in which the regurgitation is dynamically sig- 
nificant. 


HEMODYNAMIC CONSIDERATIONS 


The burden imposed on the heart by pulmonary valvular regurgitation is 
difficult to evaluate, although it must be a function of the amount by which 
stroke volume is increased secondarily to the regurgitation. It is known that the 
right ventricle can maintain an output many times the normal for many years 
without developing signs of failure, provided that the pulmonary arterial pressure 
remains normal. This is well documented in instances of interatrial septal defect 
in which the total pulmonary flow may be many times the normal value without 
concomitant pulmonary hypertension.'’ These clinical observations correlate 
well with recent animal studies showing that cardiac oxygen consumption does 
not increase to any great extent with marked increase in cardiac output, pro- 
vided the blood pressure and heart rate remain constant.!*° Pulmonic valvular 
regurgitation increases the right ventricular stroke output by a variable amount 
which cannot be measured accurately by present methods in man. The amount 
of regurgitation will depend upon several factors: (1) cross-sectional area of 
the “diastolic orifice,’ (2) average diastolic pressure gradient between pulmo- 
nary artery and right ventricle, (3) pulmonary arterial distensibility, (4) pul- 
monary vascular resistance, (5) distensibility of the right ventricle, (6) duration 
of diastole, and (7) right ventricular stroke output. 
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1. Cross-sectional area of the ‘‘diastolic orifice’: This refers to the valvular 
defect during diastole when the valves should occlude the pulmonic orifice. 
Clinical examples of possible extremes include total congenital absence of the 
pulmonic valves, on the one hand, and supernumerary valves which almost 
occlude the pulmonic orifice during diastole, on the other. Partial removal of 
one or two pulmonary cusps in dogs did not acutely abolish the end-diastolic 
gradient between the pulmonary artery and right ventricle, but insertion of a 
wide glass tube in such a position as to prevent closure of the valves did have this 
effect in the same animal.'® These facts suggest that regurgitant flow is increased 
by an increased diastolic orifice. Further support is provided by experiments 
in which excision of all the pulmonic valve cusps in 15 dogs led to right heart 
failure in one, marked right ventricular dilatation in four, and definite right ven- 
tricular dilatation in all." 

2. Average diastolic pressure gradient between pulmonary artery and right 
ventricle: Pulmonary hypertension associated with increased pulmonary vas- 
cular resistance will greatly increase this gradient, and numerous clinical and 
experimental studies emphasize the importance of this factor.!° 

3. Pulmonary arterial distensibility: Regurgitant flow ultimately takes 
place only as a consequence of potential energy stored in the pulmonary arterial 
wall as it is distended during ventricular systole by the blood ejected from the 
right ventricle. During ventricular diastole the distended pulmonary arterial 
system contracts, driving the blood forward, and in the presence of incompetent 
pulmonic valves, backward. Were the arteries completely nondistensible, poten- 
tial energy would not be stored and regurgitation would be minimal. Thus, it 
is evident that the elasticity characteristics of the pulmonary vessels must be 
included among the factors which determine the amount of regurgitant flow. 

4. Pulmonary vascular resistance: Augmentation of this resistance slows 
the rate of peripheral runoff of blood through the capillary bed for any given 
pulmonary arterial pressure level. This results in increased end-systolic disten- 
sion of the pulmonary arteries and, therefore, in increased regurgitation. On 
the other hand, were ventricular ejection exactly equaled by the rate of for- 
ward flow into the pulmonary capillaries because of low vascular resistance, minimal 
pulmonary arterial distension would occur and, hence, regurgitant flow would 
be reduced. 

5. Distensibility of right ventricle: If the pulmonary valvular diastolic 
orifice is sufficiently large, the distribution of a given right ventricular stroke 
output will depend on two competing factors, namely, the right ventricular 
distensibility governing regurgitant flow, and the pulmonary vascular resistance 
governing forward flow. The importance of the “suction effect’’ of the relaxing 
ventricle has not yet been demonstrated in man.*! 

6. Duration of diastole: This isa function of heart rate. Wiggers? deduced 
that in small aortic valvular leaks one third of the regurgitant flow occurs in 
protodiastole, as opposed to two thirds when the aortic leak is large. If similar 
conditions obtain in pulmonary regurgitation, then increased heart rate will reduce 
regurgitant flow by decreasing diastolic duration, and this reduction will be more 
marked when the pre-existent leak is small than when it is large. 
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7. Right ventricular stroke output: If all other factors remain constant, an 
increase in right ventricular stroke output will result in greater end-systolic 
distension of the pulmonary artery. Pulmonary arterial end-systolic pressure 
will be correspondingly elevated. An augmented early diastolic pressure gradient 
between the pulmonary artery and right ventricle will result, and pulmonic 
valvular regurgitation will be relatively increased. In the absence of heart failure, 
right ventricular stroke output is increased by increased venous return”; there- 
fore, any factor increasing venous return will tend to increase pulmonic valvular 
regurgitation. 

The size of a regurgitant flow is important insofar as it affects cardiac effort. 
The existence of regurgitation implies considerable turbulence of flow. Conse- 
quently, the ideal steady state of streamline flow assumed in calculation of cardiac 
external work is deviated from greatly.“ The abrupt variations of ‘‘pipe’’ diam- 
eter, and the numerous short vascular branches characteristic of the pulmonary 
arterial tree, the pulsatility of ejection and pressure, all normally predispose to 
turbulence. In valvular regurgitation, the cyclic reversals of flow direction which 
take place will further enhance the production of eddy currents and turbulence. 
Since the increased stroke volume due to regurgitation is not accompanied by a 
proportional increase in duration of right ventricular systole, the velocity of 
ejection will be greatly increased. This will not only increase the turbulence but 
also the kinetic energy of flow. These latter two factors, ordinarily negligible 
as compared to the energy expenditure of pressure work, may in the presence 
of greatly increased stroke volume and regurgitation represent a considerable 
waste of energy and may become relatively quite important.” 

Large regurgitant flows not only greatly increase stroke volume but also, 
in many instances, lead to ventricular dilatation during diastole. Recent theo- 
retical considerations”*® have suggested that cardiac muscle work is increased by 
increased cavitary volumes because of the added muscle fiber tension needed to 
build up the same intracavitary pressure during systole. In addition, marked 
dilatation of the right ventricle may result in tricuspid regurgitation, which 
will further increase the burden imposed on the right heart. 


CONCLUSION 


Thus, it is apparent on clinical, experimental, and theoretical grounds that 
pulmonic valvular regurgitation of sufficient dynamic significance could of itself 
result in clinical disability and heart failure. Furthermore, even in the absence 
of symptoms, the innocence of such lesions should not be assumed. Long-term 
observation of many asymptomatic patients will be necessary to support the 
generally assumed innocence of such lesions. 


We are grateful to Dr. Ernest Mond for permission to report this case, and to Dr. Louis N. 
Katz for much helpful advice and criticism. 
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Review 


The Digital Circulation 
Milton Mendlowitz, M.D., New York, N. Y. 


INTRODUCTION 


Study of circulation through small blood vessels has interested many in- 
vestigators over the past years, largely because local circulations differ from 
one another, in harmony with differences in function of the organs irrigated. It 
has also become apparent gradually that the circulation in general is controlled 
in large measure by the resultant of factors influencing each local circulation. 
Clinicians, however, have hesitated to adapt such studies to the routine investi- 
gation of disease in the individual patient, since the methods are often compli- 
cated and expensive and their immediate practical value for therapy frequently 
not established. Small inroads have been made against this justifiable resistance, 
especially where surgical procedures demand more exact information than is 
ordinarily clinically available, but it is unusual for the clinician to ask for studies 
on the pulmonary, renal, hepatic, or even the peripheral circulation, except 
for such special purposes. 


Circulation through an extremity and especially through a digit, on the 
other hand, is so accessible and is measured by techniques comparatively so 
simple that here, if anywhere, it might be possible to glean information of general 
clinical usefulness, in addition to the special information needed in connection 
with localized disease. Thus, one might use such techniques not only for the 
investigation of disease localized to the digits, but also for the study of circulatory 
changes during anesthesia or in hypertension or shock. It is the purpose of this 
review to analyze critically the current status of such studies with regard to these 
objectives and to point out, if possible, the direction they may take in the future. 


METHODS 


As is usual in such developments, the question of method is interlaced in a 
complex manner through the entire body of research in this field. Attention 
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has been focused particularly on the measurement of digital blood pressure, 
blood flow, and the state of the digital blood vessels themselves. 

Blood Pressure-—Methods for measuring digital blood pressure have evolved 
progressively since the time of Gaertner.'_ He proposed his digital capsule for the 
general measurement of blood pressure before the Riva-Rocci cuff? became popu- 
lar. The original Gaertner capsule was a circular metallic band about one inch in 
width, lined with a rubber membrane which could be inflated through a side 
tube in the band, pressure being measured by an interposed mercury manometer. 
Digital systolic pressure was measured after blanching the finger by rolling a 
rubber band from tip to base and then inflating the capsule to a point above 
systolic pressure. After cutting the rubber band, the capsule was then gradually 
deflated until flushing appeared in the finger tip. At this point, which was 
slightly below systolic pressure, jets of blood could get through the artery, and 
since the veins were obstructed, the finger reddened and became congested. It 
soon became apparent, however, that digital arterial blood pressure fluctuated 
more than brachial arterial pressure; and since, in addition, Gaertner presented 
no objective method for measuring diastolic pressure, the Riva-Rocci cuff and 
the Korotkow sounds’ came into general use for the indirect measurement of 
blood pressure in man. The Gaertner capsule was forgotten, only to be revived 
sporadically by investigators interested in special problems. Cohn and Lunds- 
gaard‘ used it to study blood pressure in auricular fibrillation in 1918; whereas 
Formijne,® in 1934, was interested in the patency of large arteries, and in 1937, 
Oppenheimer and Prinzmetal® studied the brachial-digital pressure gradient in 
hypertension. 

In 1938,’ I became interested in brachial-digital pressure gradients while 
working on the problem of the mechanism of clubbing of the fingers under the 
direction of Sir Thomas Lewis, in London, and again used the Gaertner capsule 
to measure digital arterial pressure. Systolic pressure was measured by the usual 
flushing technique. As the capsule was deflated, however, a sensation of throb- 
bing was usually felt in the finger. This began slightly above true systolic pres- 
sure as measured by the flush, because blood would come through the proximal 
edge of the cuff only, where tissue pressure was lower than cuff pressure, but not 
through the entire cuff. The throbbing then stopped suddenly at a pressure 
level consistent with that of the diastolic pressure. I found that von Reckling- 
hausen® had compared diastolic pressure as measured from the cessation of 
throbbing under the cuff in the arm to that measured from the muffling of the 
Korotkow sounds and had found them to be nearly identical. It therefore seemed 
safe to consider the pressure at the point of cessation of throbbing in the digit 
to be diastolic digital arterial pressure. 

Meanwhile, the capsule itself was being modified. Formijne® and also 
Oppenheimer and Prinzmetal® had suggested that it be slightly tapered in order 
to fit the finger better, and that three or four different sizes of capsules be avail- 
able. The appropriate one could then be chosen for a given finger so that the 
fit would be snug but not obstructively tight. I later found the results to be 
just as good if the capsule were not tapered.’ Grooves were ground in the cap- 
sule so that Penrose tubing could be made to line it and be fastened over the 
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edges easily with rubber bands. Weaver and Bohr,!° however, devised a mini- 
ature Riva-Rocci cuff for the finger with cloth backing, and Brecht and Boucke"™ 
developed a similar cuff with very thin metal backing which could be adjusted 
to various finger sizes. 


In addition, the search continued for better methods for measuring digital 
arterial blood pressure with these devices. The capillaries of the eponychium 
were visualized with the capillary microscope at various cuff pressures by Davis,” 
although he did not realize that he was measuring digital arterial systolic pres- 
sure rather than some function of capillary pressure. Doupe, Newman and 
Wilkins and also Wishart" used the plethysmograph, and Lax, Feinberg and 
Cohen,” the oscillograph, to measure systolic pressure by picking up pulsations 
distal to the pressure cuff and recording these pulse waves either photographic- 
ally or with a thermal stylette. These waves could also be harnessed to record 
systolic blood pressure continuously."* Moreover, Lax, Feinberg and Cohen” 
pointed out a change in the diastolic portion of the pulse curve as arterial blood 
pressure reached the diastolic level, which they called the ‘‘diastolic sign,’’ and 
they could therefore record systolic as well as diastolic pressure by a double-cuff 
technique. 

Meanwhile, Eurman and I'* made abortive attempts to hear Korotkow 
sounds in the finger. We tried electronic sound pickups unsuccessfully, and 
finally used Fox localizers on stethoscopes with metallic diaphragms and could 
often hear the sounds directly over the volar digital arteries. These were not 
heard consistently, however, in all individuals, especially during extreme vaso- 
constriction. Using two diaphragms, each one connected to one ear, we could 
occasionally detect differences in pressure between the two volar digital arteries 
and identify an auscultatory gap. In 1958, Gaskell and Krisman!’'* described a 
simple device for detecting Korotkow sounds; it consisted of a glass capsule 
surrounding the finger tip and bound down to the second phalanx with elasto- 
plast adhesive tape. A stethoscope was attached via a tube to the glass capsule. 
The sounds were heard quite distinctly except in small or in very cold fingers, 
and systolic and diastolic pressures could be measured by auscultation. They 
also tested the effect of the length of the occluding cuff on the estimation of blood 
pressure and found that it should be at least one and one-eighth inches long 
in order to record blood pressure in the digits correctly. In addition, they 
tested the auscultatory, plethysmographic, and capillaroscopic methods for 
measuring systolic pressure against each other and found that they checked fairly 
well. Meanwhile, we!® had acquired a device for oscillographic visualization 
and recording of Korotkow sounds in the digits with a capacitance pickup as 
devised by Brecht and Boucke." Both systolic and diastolic pressures as meas- 
ured by the flushing and throbbing techniques were determined simultaneously 
vith pressures measured from these visualized Korotkow sounds, and again 
hecked fairly well. Green?® used this device to record blood pressure con- 
‘inuously from a digit, the appearance of the pulse wave with deflation of the 
‘uff being used to trip reinflation of the cuff electronically. A similar setup has 
»een used for recording pressures continuously during anesthesia, thus monitor- 
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ing the dose of the anesthetic administered.” As far as capillary pressure i: 
concerned, the only reliable method is the exacting direct-puncture technique 
of Landis. Venous pressure in the digit can also be studied now with the Burch- 
Winsor small needle phlebomanometer.” 

As the situation stands today, the two simplest devices for measuring digital 
arterial blood pressure are the flushing-throbbing method and the auscultator; 
method using the Gaskell-Krisman capsule. Both are reliable when checked 
against more exacting techniques, and both may fail if the fingers are very cold 
or small, although the flushing-throbbing technique fails less often under these 
circumstances. Precaution should be taken to have a cuff which is long enough 
and which is adjustable to the circumference of the finger. On the average'® 
the systolic pressure is 18.5 mm. Hg, and the diastolic pressure 12.1 mm. Hg, 
lower than the corresponding brachial arterial pressures when the subject is 
warm, whereas capillary pressures are on the average 43.5 cm. in the proximal 
and 16.5 cm. of water in the distal limb of the loop.” Digital venous pressure 
at heart level is on an average 14 cm. of water. 

Blood Flow.—Methods have also been developed concomitantly for measur- 
ing blood flow in the digits. In general, these methods have been either plethys- 
mographic or thermal. The plethysmograph is an old physiologic device for meas- 
uring the volume of an organ, hence its arterial inflow during venous obstruction, 
as exemplified by the renal oncometer. It was first used in man for this purpose 
by Hewlett and Van Zwaluwenberg,” in the arm. It began in 1933 and there- 
after to be used to measure digital blood flow by workers such as Goetz,?* Turner, 
Burch and Sodeman,”’ Burton,?* Wilkins, Doupe and Newman,”? and Megibow 
and Feitelberg,*® among others. Molitor and Kniazuk,*! Hertzman,* and Gross, 
Matthes and Gépfert** were some of the workers who developed and studied 
the properties of a photoelectric digital plethysmograph. Horeman* also studied 
application of the mercury strand plethysmograph to the digit, and although 
the findings with all such instruments, including the impedance plethysmograph, 
bear a rough relationship to the results with true volume recorders, the latter 
are generally the most reliable, especially for measurement of absolute blood 
flow and comparison between different patients. The relative technical merits 
of liquid-in-tube recorders and membrane volume recorders with reférence to 
frequency response and fidelity of recording need not be discussed here, except 
to say that such factors must always be considered when an instrument is chosen. 

Several studies*** have shown that there is a proportion between pulse 
volume and blood flow, and although this is useful for studying changes in flow 
in individual subjects, it cannot be adapted for quantitative comparisons be- 
tween subjects. For this purpose, increase in volume with venous occlusion is 
usually employed. 

Although this procedure is theoretically sound, several practical difficulties 
began to appear as it was used. For one thing, the method measured flow inter- 
mittently rather than continuously and required careful attention to detail. 
There were errors attributable to leaving a gap between the occluding cuff and 
the plethysmograph. Moreover, especially when this gap was eliminated, there 
was an artefact due to the compression of tissue into the plethysmograph by 
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ihe occluding cuff,** the accumulation of lymph, and other factors. The occlud- 
ing cuff itself could set off neurogenic reflex vasoconstriction in the sensitive 
digital blood vessels.** Also, the capacity of the venular bed in the digit was 
small for the amount of blood coming into it,** and pressure rather than volume 
quickly became the predominant parameter to change with inflow. This effect 
was exaggerated by venular constriction produced by a cold environment. With 
indirect heat, on the other hand, the inflow was so great and the slope of the 
volume change so steep that it was difficult to be sure of the quantitative flow.™ 
There was also the nagging fear that a small leak via the bones could bypass 
the occluding cuff and, hence, give an erroneous idea of the volume change,” 
although this appears now to be unlikely, at least immediately after venous oc- 
clusion.» In obstructive arterial disease, moreover, it is possible to set the 
pressure of the occluding cuff higher than digital arterial diastolic pressure, thus 
interfering with inflow.*” 

These considerations motivated Burch** to measure pulse volume contin- 
uously and to subtract electronically an artefact and inflow pulse wave as de- 
termined after venous occlusion. Thus, the results could be converted electronic- 
ally into measurement of outflow both instantaneously and per unit time. De- 
spite the complex instrumentation this technique will undoubtedly find its place 
after comparison with other devices for measuring digital blood flow, and may 
in its present form, or after modification, serve as a yardstick for this purpose. 

Apart from measurement of blood flow, however, the plethysmograph as 
well as the oscillograph serve well-defined purposes. They are sensitive con- 
tinuous volumetric recorders, and five different types of wave formations have 
been described.** Vascular reflexes and even conditioned reflexes*® may be 
nicely demonstrated plethysmographically. Change in the contour of the pulse 
wave is easily detected by either the plethysmograph or the oscillograph and 
may identify certain diseases,:*°-4°-4! such as aortic insufficiency, coarctation of 
the aorta, or arteriosclerosis. The plethysmograph or oscillograph may also be 
used in conjunction with other techniques already mentioned to measure digital 
arterial blood pressure. 

Thermal measurement of digital blood flow has also had a long and checkered 
career. The relationship between cold hands and ischemia was recognized by 
clinicians for many years, but it was not until thermoelectric measurements 
became available that the subject was studied intensively.“-“* It scon became 
clear that there was a rough correlation between skin temperature and blood 
flow, especially in the digits, and the reason for this was found to reside in the 
adaptation of the peripheral circulation to the regulation of body temperature. 
The arteriovenous anastomoses of the digits could convey a large quantity of 
blood per unit time, and if the body were in positive heat balance, could thus 
eliminate considerable thermal energy through the overlying skin. Conversely, 
i! the body were in negative heat balance due, for example, to excessive loss of 
heat because of cold, the arteriovenous anastomoses, which were under adrenergic 
or sympathetic nervous control, could close down and the fingers and toes would 
'ecome cold because of extremely decreased blood flow. It was also apparent, 
lowever, that skin temperature would be influenced not only by rate of blood 
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flow but also by ambient room temperature and by the temperature of the ar 
terial blood. Burton® worked out a formula for quantification of bleod flow fron 
all these factors, which he called a thermal circulatory index, but although again 
useful for measuring changes in circulation in an individual patient, this index 
could not very well be made sufficiently quantitative for comparison betweei 
patients, and this is generally true of all skin temperature measurements.?“' 
What is worse, however, is that the relationship between skin temperature and 
blood flow is not rectilinear. This can be understood when one realizes that no 
matter how much blood is flowing through the skin per unit time, skin tempera- 
ture cannot at ordinary ambient temperatures be raised any higher than blood 
temperature. At a skin temperature of 36°C., therefore, doubling or trebling 
the blood flow would change the temperature very little, if at all.®-7 

It was G. N. Stewart*® who first discovered that the Fick principle could 
be applied to circulation through the extremities, heat rather than oxygen being 
the measured parameter. He reasoned that if the number of calories elaborated 
by an extremity per unit time could be measured, and if the arteriovenous tem- 
perature difference were known, the blood flow could be calculated. Thus, if 
two grams of arterial blood came to the skin in a minute at a temperature of 
37°C. and left the skin in venous blood at a temperature of 31°C., twelve calories 
by definition would be lost. If these calories could be picked up in a calorimeter 
and divided by the arteriovenous temperature difference, which in this case would 
be 6°C., one would arrive at the blood flow of two grams per minute. 

The principle was sound, but the assumptions he made were not. He 
devised a water calorimeter to pick up the caloric output of the hand or foot, 
and decided that average calorimeter temperature would represent the tempera- 
ture of the venous blood, and mouth temperature, the temperature of the arterial 
blood. Unfortunately, in the hand, much of the blood flow comes from the deep 
veins and remains uncooled in a water calorimeter, so that direct measurement 
of venous blood temperature reveals it to be variably higher than calorimeter 
temperature.*® What is more, arterial blood temperature can be considerably 
decreased in very cold environments, so that it is variably lower under these 
conditions than mouth temperature.*° 

In the finger, however, most of the circulation is through the arteriovenous 
anastomoses of the skin, and Stewart’s assumption that venous blood tempera- 
ture is equal to calorimeter temperature holds very well.*' The equivalence 
between mouth and arterial blood temperature, however, holds only if room 
temperature is at 26°C. or above. Therefore, it is best when doing calorimetry 
to keep room temperature between 26° and 29°C. Horeman,* in a brilliant math- 
ematical analysis in which he critically examined calorimetry and compared 
it with plethysmography, felt that caloric output per volume of finger tip gave 
values for blood flow about 35 per cent too low as a consistent factor. The 
true values of some of his mathematical constants, however, have not been un- 
equivocally established, and his comparative measurements were not made simul- 
taneously. Deep blood flow, moreover, which is about 10 per cent of tota! 
flow in the digit, is not measured by any calorimeter. Also, room temperature 
in his experiments was often 22°C., so that axillary temperature which he took 
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to represent arterial blood temperature was probably higher than the true ar- 
terial blood temperature. These factors will have to be considered in future 
experiments and judgment on correspondence suspended until then. 

As to instrumentation, the first digital calorimeter which I designed? was 
similar to Stewart’s hand calorimeter. It was a simple aluminum cup filled with 
water and set in broken cork. It contained a hand stirrer and a Beckmann 
thermometer; and a rubber membrane with appropriate apertures covered the 
top. As time went on, Greenfield and Shepherd* added a heating device to coun- 
teract the effect of room temperature, and I also used one of a slightly different 
character.** I also used a Dewar flask instead of an aluminum cup, and went, 
in sequence, from a hand stirrer to a rotary motor-driven glass stirrer to an elec- 
tromagnetic stirrer. 

Hensel,®°* meanwhile, had developed a flow calorimeter based on differ- 
ential temperature between outflowing and inflowing water continuously re- 
corded electrically. He used a plastic capsule for picking up heat from the skin, 
rather than direct contact with the water, and his values were therefore too low 
in general. Horeman*®* developed a direct water contact flow calorimeter based 
on principles developed by Hensel*®*:** and also by Aschoff.57 In the meantime, 
an entirely different type of calorimeter based on the rate of evaporation of a 
fluid at a specific temperature was developed by Barany.®® This had the ad- 
vantage of being applicable to any region of the skin. It also was extremely 
simple but left some doubt about ‘‘border”’ effects at the edge of the area of 
application of the calorimeter. The same question, as well as the question of 
adequacy of contact, applies to disc and thermopile calorimeters,*®*:®’ although 
Hensel and Bender were able to demonstrate a rectilinear relationship between 
caloric output and blood flow with such an instrument.°® Meanwhile, Feitelberg 
and [® developed a continuously recording calorimeter or blood flow meter based 
on heat balance within a thermal sink. 

To sum up, blood flow can be measured with the digital plethysmograph 
by venous occlusion, provided the observer is aware of the technical limitations 
of the particular apparatus and method he uses. The pulse volume serves as 
a rough index of blood flow changes in an individual subject. Blood flow can 
also be measured with a variety of thermal devices, all of which measure caloric 
output from the skin. This can be continuously recorded best by either a flow 
calorimeter or a thermal sink calorimeter, and if room temperature is kept 
between 26° and 29°C., can be calibrated in terms of blood flow. Disc calorim- 
eters are simpler and more flexible but their accuracy requires further testing. 
Skin temperature is a rough index of blood flow in the digit only between certain 
limits’? (approximately 23° to 32°C.). All thermal devices have a lag varying 
between a few seconds and several minutes, and therefore only measure mean 
blood flow in a relatively steady state. They only record mass (slow period) 
changes in blood flow. All such devices also require small correction factors 
lor specific heat and specific gravity of blood.* © 

Blood Vessels.—The state of the digital blood vessels can be observed in sev- 
eral ways. Arteriography® can delineate the digital arterial system radio- 
eraphically. Capillaroscopy®*-®* can make the loops in the eponychium visible, 
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and for more accurate recording these can be photographed. Although a literé 
ture has been built up on changes in the capillaries caused by disease, one mus 
be careful not to be misled by local factors. 

Knowledge of the anatomy and histology of the digital circulation, mor: - 
over, is being developed continuously. The description of the Sucquet-Hoyer 
canals®:7° and their intense study by Grant”!:” as well as by Popoff,”* and Massoa 
and Géry’s”™ study of these structures and of glomangiomata are of continuing 
importance. Even very recently, Burch and Phillips confirmed the presence in 
the digital skin of a cell containing chromaffin granules and presumably capable 
of elaborating vasoconstrictor substances locally.”:7* Also, Lovell?’ described 
digital vascular changes in detail in histologic studies of clubbed fingers. 

Moreover, the entire subject of indirect measurement of vasomotor tone 
has been developed in man in the digits. The relationship between pressure and 
flow worked out in animals in relation to viscosity by Whittaker and Winton,”’ 
and in relation to vasomotor tone by Pappenheimer and Maes,’* Green, Lewis, 
Nickerson and Heller,*® and Nichol, Girling, Jerrard, Claxton and Burton*! 
have all been applied to the digital circulation of man. I measured changes in 
the flow-pressure slope with changes in blood viscosity in the digit.*? Yamada 
and Burton, I, Torosdag and Sharney, and later Gaskell and Krisman all 
studied critical closing pressure of blood vessels in the digits, both in normal 
and hypertensive subjects.“-*? There are some discrepancies because of differ- 
ences in approach and in method, but all workers are agreed that the critical 
closing pressure is higher in hypertensive than in normotensive subjects, although 
we find™:** that the difference disappears with vasodilatation, since critical 
closing pressure approaches zero in both groups under these conditions. We 
have also worked out a procedure for estimating the pressure axis intercept of 
the pressure-flow slope, which includes the factor of critical closing pressure 
and/or viscosity change with vasoconstriction, from any given flow-pressure 
ratio. 

In addition, we have devised a method for converting flow-pressure ratios 
into measurements of radius equivalents of the digital circulation by applying 
Poiseuille’s law to a single tube equivalent of the circuit, thus abandoning the 
term “peripheral resistance’ entirely.“* From the pressures and radius equiva- 
lents, moreover, the physical work and force of vasoconstriction can be meas- 
ured. It is only by means of measurements of this kind that vasomotor tone can 
be compared quantitatively between different groups, as, for example, normo- 
tensive and hypertensive. 


APPLICATIONS 


Now what is the meaning of all this in terms of disease, and how has it 
added to out knowledge? This is already incalculable. Part of the mechanism 
of acquired clubbing of the fingers, for example, has been elucidated.’:?:** The 
extreme degree of arterial obstruction that must occur before any symptoms cf 
ischemia become apparent is now clear.’ It has been shown that neurovascular 
change in the toes is one of the earliest measurable manifestations of vascular 
disease in diabetes mellitus.®*:**:°° [Increased sensitivity to norepinephrine has 
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been clearly demonstrated in primary hypertension® and in Cushing’s syn- 
drome,” suggesting that adrenal cortical steroids inhibit the enzyme in vascular 
sinooth muscle which is responsible for the degradation of norepinephrine, and 
that primary hypertension is caused by a deficit in this enzyme. Continuous 
measurement of pressure or flow in the digital circulation gives promise of serv- 
ing as a monitor for changes in cardiac output during the course of anesthesia.°® 
The complex effects of sympathectomy on the circulation have been carefully 
and thoroughly evaluated.*:** These are only a few of the general dividends of 
this investment. 

Is there anything of practical importance for the individual patient in all 
of this as yet? Actually, very little! It is important, for example, that all pa- 
tients with Raynaud’s disease should be studied by testing flow and pressure 
and even by arteriography® if necessary, since there are two types, one with 
vascular obstruction and one without such obstruction but with increased vaso- 
motor tone.** What is more, two similar abnormalities, that is, vascular ob- 
struction and neurogenic vasospasm, can be differentiated in patients without 
Raynaud’s spasms but with what has been labeled acrocyanosis.”:*? The prog- 
nosis and even the treatment to some extent is affected by accurate diagnosis 
here. 

It is also important to measure circulatory changes before and after surgical 
procedures involving the arterial tree.**:°® It is possible for pulse pressure to 
be increased without any increase in flow, and the success or failure of a surgical 
procedure can and should be documented by accurate circulatory measurements. 

Although some correlation can be established between response to therapy 
in hypertension and digital circulatory changes, and also between the stage of 
the disease and such changes,!°°!™ the correlation is not good enough as yet for 
prediction or prognosis in the average individual case. Some useful information, 
however, such as the extent of the neurogenic factor, can often be garnered. In 
the second trimester of pregnancy,'” however, increased sensitivity to norepineph- 
rine seems to be well correlated with the subsequent development of ‘‘toxemia.”’ 
Biopsy of the digital skin blood vessels may reveal changes of importance in 
diagnosis and therapy, although this is still in the developmental stage.” In 
addition, the effect of drugs on peripheral vessels has been studied by many 
investigators.®!%.1% Practical applications are therefore developing and together 
with theoretical implications will undoubtedly slowly multiply. 
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Book Review 


THE AUTHOR-PUBLISHER-PRINTER COMPLEX. By Robert S. Gill, Ed. 3, Baltimore, 1958, Williams 
& Wilkins Company, 134 pages. Price $2.25. 


As observed by the author, “much grist has come to the mill’’ since publication of the first 
and second editions of The Author-Publisher-Printer Complex. The “mill” of printing and pub- 
lishing is a complex structure, and although, as with other modern businesses, changes are con- 
tinually taking place, the basic concepts of this ancient art remain fundamentally the same. 

This is a book which definitely should be read and digested by all members of the fourth estate. 
While it is largely devoted to providing guidance to those engaged in printing and publishing 
scientific works, the book has a place in the libraries of authors, publishers, and printers. In 
fact, it should also be read by all who are in any way connected with “printer’s ink.” 

The transmutation of an original manuscript into print appears to the uninitiated as a simple 
task. Author Gill has done his best to preserve this premise, whereas, in actual fact, the job is 
a complex one requiring the undivided attention of professional men and women skilled in their 
own particular related spheres of the craft. The word related is used because the various steps 
from the time the author sets pen to paper until a book is delivered in complete form bear a definite 
relation one to the other. 

The business of writing, publishing, and printing has many facets. The principals involved 
in the publication of a book—the author, publisher, and printer—are inextricably linked together 
throughout the whole process from start to finish. It is essential, therefore, that each one knows 
his job and is worthy of his hire, because a weak link in the chain can cause costs to skyrocket 
out of all proportions. 

Mr. Gill explains in a simple, practical way the duties of the principals involved in produc- 
ing a scientific book. He obviously has considerable knowledge of the art of printing and pub- 
lishing and of the printing process He deals with illustrations, the reading of proof and proof 
reading, revision, literary property and inheritance, royalties, etc. 

His explanations and descriptions conform to a definite pattern. This is, perhaps, a trifle 
naive because if everything in the printing and publishing of authored works went according to 
schedule and followed the rules of traditional conformity, it would be little short of miraculous! 

There are so many factors which can upset any prescribed and well-defined pattern. For 
example, the author can disrupt the basic cost structure by inserting an overdose of author's 
alterations; the publisher can do a mediocre job of promotion, and the printer—that indefinable 
craftsman as temperamental as a virtuoso of the pianoforte—has it within his power to sadden 
the author’s life or make glad his heart and, at the same time, provide the publisher with a brand 
new ulcer! 

However, Mr. Gill’s latest edition is commended to those who toil with words and those who 


produce them for the general edification of the reading public. 
J. M. M. 


Anncuncements 


THE AMERICAN SOCIETY FOR ARTIFICIAL INTERNAL ORGANS will meet at The Shelburne 
Hotel in Atlantic City, New Jersey, on April 12 and 13, 1959. 


A Symposium on THE HEART: ELECTROCARDIOGRAPHY will be presented on Feb. 23 and 24, 
1959, at the University of Kansas School of Medicine. Dr. Enrique Cabrera, National Institute 
of Cardiology, Mexico City, Dr. Herman K. Hellerstein, Western Reserve University, and Dr. 
J. Willis Hurst, Emory University, will participate in the informal sessions of this course. They 
will compare and correlate their interpretations of a group of unknown clinical electrocardiograms, 
which have been carefully selected to pinpoint problems encountered daily in the practice of 
medicine. For program announcement and other information, write: Department of Post- 
graduate Medical Education, University of Kansas Medical Center, Kansas City 12, Kans. 
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